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INTRODUCTION 


The  heaving  of  soils  is  the  result  of  two  distinct  phenomena.  Heav¬ 
ing  due  to  the  expansion  of  interstitial  water  on  freezing  varies  from  about 
l/4H  to  l/2'*  per  foot  of  frost  penetration,  depending  upon  the  moisture  content 
of  the  soil  and  its  degree  of  saturation.  This  cannot  be  controlled.  The 
other  factor  is  the  formation  of  ice  crystals,  usually  referred  to  as  ice 
segregation.  It  is  this  factor  to  which  most  of  the  heaving  is  attributed. 

But  it  is  this  factor  also  which  has  been  found  to  have  a  character  such  that 
it  can  be  controlled.  To  control  the  heaving,  the  original  hypothesis  was  that 
a  wetting  agent  would  curb  the  ice  segregation  by  changing  some  properties  of 
the  soil.  Lignosol,  being  a  waste  product  of  the  pulp  and  paper  industry  and 
therefore  as  inexpensive  as  any  other  wetting  agent,  was  selected  for  study. 

Laboratory  tests  were  conducted  by  Hemstock  and  Sinclair  to  find 
the  effects  of  Lignosol  on  frost  heaving.  Their  conclusion  was  that  it  did 
deter  the  ice  segregation. 

In  1947,  they  showed  that  3f0  to  5%  Lignosol,  by  weight  of  dry  soil, 
prevented  Ice  segregation  in  freezing  soils.  A  field  program  was  initiated 
shortly  after  to  assess  the  method  for  field  conditions.  The  three  objectives 
of  the  field  program  were:  (1)  To  ascertain  the  relative  cost  of  using  Lignosol, 
as  compared  to  continuous  maintenance;  (2)  To  reveal  the  permanency  of  the 
treatment;  (3)  To  develop  an  injection  procedure. 

Certain  heaving  sections  of  the  C.  N.  R.  line  west  of  Edmonton  were 
treated,  resulting  in  the  reduction  of  heaving  of  the  railroad  subgrade.  Peri¬ 
odic  levels  of  the  treated  sections  were  taken  from  1950  to  1953.  From  the 
readings,  the  permanency  of  the  treatment  was  ascertained  in  1952-53. 

In  1953,  in  an  attempt  to  show  that  the  prevention  of  heaving  was 
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due  to  the  wetting  action  of  Lignosol,  Yurkiw  revealed  that  Aerosol,  a 
superior  wetting  agent,  actually  had  an  effect  of  promoting  heaving  and  to 
an  extent  greater  than  that  incurred  by  untreated  samples.  This  product  is 
a  commercial  insecticide  having  a  trade  name  of  Aer-a-sol. 

The  present  program  was  undertaken  to  investigate  the  relationship 
of  the  viscosity  of  the  solution  admixture  with  the  heaving  of  soils. 
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THEORY 


In  order  that  there  may  he  ice  segregation,  certain  conditions  must  he 
present,  the  absence  of  one  of  which  will  prevent  the  action.  These  conditions 

are: 


(1)  Capillary  saturation  of  the  soil  at  the  heginninf  og,  or  during,  the 

freezing  process. 

(2)  A  free  supply  of  water  from  within  or  without  the  soil. 

(3)  A  minimum  percentage  (3  to  10  per  cent)  of  grains  smaller  than  0.02  mm. 

in  diameter. 

(4)  Freezing  temperatures  of  the  air  above  the  soil. 

Since  Lignosol  does  reduce  frost  heaving  with  all  the  above-mentioned 
factors  present,  its  action  must  be  one  which  modifies  one  of  the  conditions  to 
the  point  where  it  is  practically  ineffective  as  a  contributing  factor. 

For  heaving  to  occur,  there  must  be  a  rate  of  flow  of  water  enough 
that  ice  lenses  may  be  formed  and  progressively  increase  in  size.  If  a  clay  soil 
is  subjected  to  heaving  conditions,  it  does  not  heave  appreciably  more  than  the 
amount  directly  attributable  to  the  expansion  of  the  water  in  the  soil,  on 
freezing.  This  is  due  to  the  fact  that  although  the  clay  is  fine  enough  to  draw 
water  to  the  zone  of  freezing  from  some  depth,  the  soil  voids  are  too  small  to 
permit  a  rate  of  flow  necessary  to  form  large  enough  ice  crystals  within  the 
period  of  freezing,  to  incur  any  appreciable  displacement  of  the  surface.  In 
other  words,  the  rate  of  flow  is  proportional  to  the  permeability  of  the  soil. 

If  a  soil  is  saturated  with  a  solution  other  than  water  which  is 
thicker  (more  viscous)  than  water,  then  it  is  the  rate  of  flow  of  this  solution 
through  the  soil  which  governs  the  flow  of  water.  By  continuity,  a 
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greater  volume  of  fluid  cannot  enter  any  saturated  element  of  soil  than  the 
volume  of  fluid  that  leaves  it  if  the  fluid  is  incompressible. 

Then  if  this  saturating  fluid  is  more  viscous  than  the  water,  from 
Darcy’ s  law  it  is  evident  that  in  effect,  the  permeability  of  the  soil  must 
change. 

Darcy' s  Law: 

v  =  ki  . (1) 

where  v  is  the  discharge  velocity  of  the  percolating  fluid 

k  is  the  coefficient  of  permeability  with  units  of  velocity 
i  is  the  hydraulic  gradient  (unitless) 


k.i? 

A(  W 


(2) 


where  K  is  called  the  permeability 


^  (mu)  is  the  dynamic  viscosity  in  poises 

is  the  specific  weight  of  water  in  lb. /ft. 3 


w 


Therefore  v  *  (!£)y  w  i 


=  KJLiP 


K  gl 


=  k  l  g 

u 

Therefore  the  velocities  of  two  fluids  (1)  and  (2)  will  be  inversely  propor- 
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tional  to  the  kinematic  viscosity  i/  (nu),  i.e.  v^/vg  =  u 

Since  the  heaving  of  soils  is  a  direct  function  of  the  rate  of 
passage  of  water  through  the  soil,  then  it  is  also  a  direct  function  of  the 
viscosity  of  the  saturating  fluid,  if  no  chemical  effects  enter  the  action. 


With  all  other  contributing  factors  constant  then, 

Heave l/viscosity 
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The  reduction  of  heaving  by  the  use  of  Lignosol  originally  led  to 

the  assumption  that  the  action  was  due  to  the  wetting  characteristics  of  the 

admixture.  In  an  attempt  to  confirm  this  argument,  an  unknown  type  of  Aerosol 
(  being  another  wetting  agent)  was  tested  for  its  effect  on  heaving.  The 
result  was  that  of  the  two  treated  samples,  one  actually  heaved  about  fifty 
per  cent  more  than  an  identical  untreated  sample,  and  the  other  heaved  about 
the  same  amount  as  the  untreated  sample.  Therefore  some  other  property  of 
Lignosol  was  considered  to  be  the  controlling  factor  in  the  reduction  of  heav¬ 
ing.  Four  types  of  Aerosol,  each  having  its  own  industrial  use,  were  tested 
in  freezing  tests.  The  heaves  were  related  to  the  solution  viscosities. 

Sodium  carbonate  was  used  as  an  admixture  for  a  reason  other  than 

the  viscosity  of  the  solution.  If  a  soil  is  a  calcium  soil,  the  calcium  ion, 

divalent,  binds  the  clay  particles  close  together,  which  results  in  a  more 
open  and  granular  structure.  Addition  of  sodium  carbonate  will  result  in 
the  removal  of  the  calcium  ions  surrounding  the  soil  particles,  in  the  form 
of  a  calcium  carbonate  precipitate.  The  sodium  ions  will  replace  the  calcium 
ions  surrounding  the  soil  particles.  Soil  particles  surrounded  in  this  way 
repel  one  another,  causing  a  dispersing  action  which  in  turn  reduces  the 
permeability  of  the  soil.  A  reduction  of  permeability  would,  of  course,  re¬ 
tard  the  formation  of  ice  lenses. 
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A.  LABORATORY  INVESTIGATIONS 


1.  Admixtures 

Several  commercial  products  were  investigated  in  the  laboratory  and 
are  herein  referred  to  by  their  trade  names. 

Lignosol:  Formerly  called  a  waste  product  of  the  pulp  and  paper  industry, 
but  should  now  be  referred  to  as  a  by-product  of  the  industry  because  of  the 
many  uses  which  have  been  found  for  it  industrially. 

There  are  various  types  of  Lignosol,  two  of  which  were  tested  in 
this  program: 

Lignosol  BD  -  Calcium  lignosulphonate 
(B:  Calcium 

D:  May  be  purchased  in  powder  or  liquid  form) 

Lignosol  XD  -  Sodium  lignosulphonate 
(X:  Sodium 

D:  May  be  purchased  in  powder  or  liquid  form) 

All  lignosol  powders  are  light  brown  in  color,  form  dark  brown  solu¬ 
tions  and  are  soluble  in  water. 

Calgon:  A  wetting  agent  used  as  a  water  softener. 

Aerosol :  "Aerosol"  is  the  trade  name  of  a  group  of  wetting  agents. 

Wetting  agents  are  substances  which  are  added  to  surface  coatings, 
water,  or  oils  to  increase  spreading  and  penetrating  action,  to  dye 
solutions  to  aid  penetration,  and  to  adhesives  to  improve  contact. 

All  of  these  actions  result  from  a  more  intimate  contact  of  materials 
at  the  interface  P- ' 

Four  types  of  Aerosol  were  used:  OTB,  MA,  No.  22  end  TEF  16.  Since 
the  chemical  composition  of  these  products  will  not  enter  the  scope  of  this 
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paper,  a  reference  only  will  be  made  to  the  literature  concerning  it  .1 

Sugar  Beet  Molasses:  A  waste  product  of  the  sugar-beet  industry.  It  has 
a  slight  dispersing  action  on  certain  materials  (cement),  whereas  on  others  it 
has  a  strong  coagulating  effect  (titanium  oxide). 

Sodium  Carbonate;  Used  as  a  soil  dispersant. 

2.  Viscosity  Determinations 

Viscosity  may  be  defined  as  the  resistance  experienced  by  one  portion 
of  a  liquid  moving  over  another  portion.  The  dynamic  unit  of  viscosity  is  the 
poise.  It  is  the  viscosity  of  a  hypothetical  fluid  wherein  a  force  of  one  dyne 
will  cause  two  parallel  liquid  surfaces,  one  centimeter  apart,  to  slide  past 
one  another  with  a  velocity  of  one  centimeter  per  second. 

The  viscosity  of  a  liquid  is  generally  measured  by  observing  the 
time  required  for  a  definite  volume  of  liquid  to  flow  through  a  capillary  tube 
under  a  known  pressure  difference.  The  law  governing  the  flow  of  liquids 
through  a  capillary  tube  was  discovered  by  Poiseuille.  He  found  that  the 
volume  of  liquid  which  passed  through  a  capillary  tube  in  a  unit  time  was 
(1)  proportional  to  the  pressure,  P,  (2)  proportional  to  the  fourth  power  of 
the  radius,  R,  and  (3)  inversely  proportional  to  the  length  of  a  capillary 
tube.  In  symbols,  if  Q  is  the  volume  discharged  in  unit  time, 

Q  =  C(PR4/L) . (1) 

where  C  is  a  constant,  characteristic  for  each  liquid.  Poiseuille  did  not 
deduce  coefficients  of  viscosity,  but  this  was  done  by  several  physicists  who 
treated  the  problem  mathematically.  The  equation  thus  obtained  was  called 
Poiseuille' s  formula: 

TTPR4/8nL . (2) 

where  n  is  the  coefficient  of  viscosity. 
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An  instrument  for  measuring  viscosities  is  called  a  viscometer  or 
viscosimeter,  and  is  in  effect  a  U-tube,  one  arm  of  which  is  a  capillary  tube 

and  the  other  arm  a  collecting  reservoir  for  the  fluid. 

As  the  same  volume  of  liquid  is  always  used,  the  height  of  the 

column  of  liquid  is  always  the  same,  so  that  the  pressures  producing  the  flow 

are  directly  proportional  to  the  densities  of  the  fluids.  Therefore,  if  the 
efflux  time  for  a  liquid  of  known  viscosity  (n^)  and  density  (^)  is  obtained, 
then  the  viscosity  of  any  other  liquid  may  be  found  by  substituting  the 
efflux  time  (tg)  and  the  density  (^2)  of  this  other  fluid  into  the  equation 

Q2  =  nx  (t2  ^>2/tl  fl)  .  (3) 

This  yields  a  value  for  the  dynamic  viscosity  in  poises  which  has  units  of 
lb. -sec. /ft. 2,  Another  unit  of  viscosity  is  the  stoke,  which  is  the  kine¬ 
matic  unit  and  is  related  to  the  poise  by  1  stoke  =  1  poise/o 

Where  ^>is  the  density  of  the  fluid  and  equals  ^/g, 
in  which  -jf  is  the  specific  weight  and  g  is  the 
acceleration  due  to  gravity. 

Rearranging  equation  (3) 

n£  =  nxt2 

(°2  ^2*1 

and  since  n/^a  =  'x/^  , 

■^2  =  t2/tl 

If  we  let  C  =  *vq/'tq  }  then  the  expression  becomes 

=  ct2 . 


(4) 


From  equation  (4),  then,  the  only  value  necessary  to  determine  the 
kinematic  viscosity  of  a  fluid,  having  previously  determined  C,  is  the  time 


of  efflux. 
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3.  Test  Procedure  (Viscosity) 

Modified  Ostwald-type  viscometers  (Fig.  1)  were  used  to  determine 
the  relationship  between  solution  strength  and  viscosity.  The  solution 
strength  is  expressed  by 

(Wt.  of  Lignosol  /  Wt.  of  Water)  x  100  % 

Therefore,  fifty  grams  of  Lignosol  dissolved  in  fifty  grams  of  water  has  a 
solution  strength  of  100%. 


Fig.  1.  Modified  Ostwald-type  Viscosimeter. 
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Since  the  freezing  of  soils  is  at,  or  very  close  to,  zero  degrees 
centigrade,  the  temperature  of  the  solutions  was  brought  to  zero  degrees  centi¬ 
grade.  Samples  of  5,  10,  15,  20,  25,  30,  40,  50,  60  and  10%  solution  strengths 
were  prepared,  using  200  grams  of  distilled  water.  These  were  shaken  and 
allowed  to  stand  overnight,  to  ensure  that  the  Lignosol  was  fully  dissolved. 

The  viscometer  was  "loaded"  by  immersing  the  small-bore  tube  into 
the  solution  and  sucking  through  the  other  end  until  the  solution  reached  the 
top  of  the  capillary  tube.  The  solution  was  then  allowed  to  drain  out  of  the 
tube  until  it  came  to  X-X,  a  marking  on  the  tube,  by  holding  a  paper  towel  over 
the  end  and  letting  the  towel  draw  the  solution  out  gradually.  The  tube  was 
righted  (as  in  Fig.  1),  and  immersed  in  an  ice-water  bath  (Fig.  2)  at  zero 
degrees  centigrade.  The  temperature  control  was  within  0.1°C.  The  solution 
was  allowed  to  run  through  the  capillary  tube  into  Bowl  C  to  cool  it  before 
the  first  trial.  A  rubber  tube  was  attached  to  Tube  2,  and  the  solution  was 
sucked  up  to  fill  Bulb  A  partially,  after  which  it  was  allowed  to  drain  freely 
downward  through  the  capillary  tube.  The  time  taken  by  the  solution  to  flow 
from  Y-Y  to  X-X  was  recorded  on  a  stop-watch  marked  to  0.2  secs,  and  read  to 
0.1  secs. 

Usually  the  first  and  second  trials  were  erratic,  due  to  insufficient 
cooling  of  the  solution.  At  least  six  trials  in  close  agreement  were  consid¬ 
ered  necessary  to  yield  a  mean  discharge  time.  Close  agreement  was  considered 
to  be  within  0.4  secs. 

A  series  of  ten  to  fifteen  trials  was  made  with  distilled  water,  to 
calibrate  the  viscometers. 

Then  from  equation  (4)  nsol.n  «  1.79  (  tgol.n  /  twater  ) 

where  1.79  is  the  kinematic  viscosity  of  distilled  water  at  08C.  measured  in 
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The  water  bath  was  kept  at  0°C.  by  the  continuous  exchange  of  the 
heat  energy  taken  from  the  water  to  melt  the  ice.  When  this  process  was  too 
slow  to  keep  the  water  at  0°C. ,  a  little  (small  handful)  common  table  salt 
was  poured  over  the  ice.  This,  of  course,  could  cause  the  temperature  to 
go  below  zero,  as  the  bath  was  no  longer  water,  but  a  salt-water  solution. 
The  speed  of  the  paddle,  rheostatically  controlled,  was  used  to  regulate  the 
temperature;  the  faster  it  turned,  the  cooler  the  bath. 

_ _ _ _ _  _  __ :  _ _ _ _ ■  n'f* _ 


Fig.  2.  Apparatus  Set-Up  for  Viscosity  Determination  at  0°C. 
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4.  Soils  Used  for  Heaving  Tests 

The  soils  chosen  for  the  freezing  tests  were  intended  to  have  the 
characteristics  of  a  material  highly  susceptible  to  ice  segregation.  Samples 
1-6  were  made  up  of  a  fine-silt  and  fine-sand  mixture.  Although  heaves  up 
to  20^  of  the  original  specimen  height  were  achieved,  it  was  expected  that 
with  more  sand  in  the  mixture,  greater  heaves  could  have  been  developed. 

Samples  7-12  were  of  the  same  constituents  as  1  -  6,  but  in  the  proportions 
of  150  grams  sand  to  65  grams  silt,  compared  to  140  grams  sand  and  70  grams 
silt  as  for  1-6.  This  new  mixture  was  not  sufficiently  susceptible  for  the 
studies,  so  another  soil  was  introduced  to  the  tests. 

The  grain  size  distribution  curves  for  all  samples  are  shown  on 
Figure  No.  9  for  each  of  the  soils  and  for  the  mixtures. 

The  samples  of  soil  No.  5  were  impregnated  by  electro-osmosis,  and 
were  tested  in  the  freezing  cabinet  to  see  if  the  admixture  would  still  display 
its  heave -reducing  characteristics.  Electro-osmosis  is  a  method  of  forcing 
liquids  through  soils  by  direct  electrical  current,  and  might  be  a  more  feasible 
method  of  injection  than  pumping,  in  certain  cases. 

5.  Experimental  Procedure 

Preparation  of  Test  Specimens 

Mixing:  The  soil  to  be  used  was  air  dried  and  pulverized  to  break 
down  any  lumps.  A  sample  of  250  grams  was  weighed  and  placed  in  a  container, 
and  the  admixture  added.  The  soil  was  thoroughly  mixed  by  hand,  eliminating 
all  lumps.  The  Jar  was  sealed  and  set  in  the  moist  room  for  24  hours  to  ensure 
a  complete  and  even  dispersion  of  the  admixture.  This  procedure  was  carried 
out  for  all  the  specimens  to  be  tested. 
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Molding:  The  molding  apparatus  consisted  of  a  brass  tube  into 
which  twelve  lucite  rings,  1.25"  I.  D. ,  1.50"  0.  D.  and  0.5"  deep,  would  fit 
quite  loosely  but  snug  enough  to  keep  them  aligned.  The  tube  had  a  cutting 
edge  with  which  to  obtain  undisturbed  samples  if  desired. 

The  twelve  lucite  rings  were  placed  in  the  brass  tube  and  the  tube 
placed  vertically  on  a  glass  plate.  The  treated  soil  samples  were  compacted 
in  five  layers,  being  hand  tamped  25  times  per  layer  with  a  wooden  cylinder 
3/4"  in  diameter.  The  specimen  was  removed  by  slipping  the  brass  tube  up 
over  a  wooden  cylinder  1.25"  in  diameter  which  was  holding  the  lucite  rings 
firmly  against  the  glass  base.  Extreme  care  was  taken  when  handling  the 
specimen  confined  only  by  the  rings.  These  rings  were  intended  to  confine 
the  specimen  laterally,  but  to  eliminate  any  adhesive  effects  when  the  soil 
was  heaving.  Such  adhesive  effects  would  reduce  the  heave. 

The  samples  were  weighed  and  introduced  to  the  frost  cabinet.  The 
tops  of  the  samples  were  coated  with  paraffin  to  eliminate  evaporation,  and 
a  small  hole  was  punched  through  the  wax  to  allow  the  free  escape  of  air. 

Test  Procedure:  Before  the  freezing  process  was  started,  the  elevations 
of  the  tops  of  the  specimens  were  found  with  respect  to  the  top  of  the  freez¬ 
ing  cabinet,  by  measuring  down  to  the  specimens  from  a  steel  bar  resting 
across  the  cabinet.  Readings  were  considered  positive  below  this  datum  and 
negative  above. 

Daily  elevation  readings  of  the  samples,  temperature  of  the  room 
and  water  reservoir,  and  reservoir  water  level  were  taken.  Tables  I  to  XI 
inclusive  tabulate  the  daily  readings  of  all  the  specimens  tested. 

Some  samples  were  subjected  to  an  immediate  drop  in  temperature 
down  to  -20°C.  whereas  others  were  gradually  frozen.  The  freezing  procedure 
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was  terminated  when  the  samples  showed  no  further  heaving,  or  showed  erratic 
behavior. 

Figs. 10  &  11  are  photographs  of  some  of  the  specimens,  which  more 
fully  describe  the  character  of  the  samples  after  heaving. 

Throughout  the  procedure  the  water  supply  reservoir  was  replenished 
to  adhere  to  the  "open  system"  theory  whereby  there  is  a  constant  supply  of 
water  from  without  (beneath)  the  soil.  The  reservoir  water  was  examined  for 
any  marked  degree  of  discoloration  due  to  leaching  out  of  the  admixture. 

The  zonolite  insulation  adjacent  to  the  samples  was  agitated  each 
day,  so  that  water  coming  through  the  soil  from  below  would  not  be  drawn  out 
of  the  soil  at  the  exposed  faces  between  lucite  rings  which  had  parted. 

Final  moisture  contents  were  determined  for  each  layer  from  some  of 
the  samples,  a  layer  being  that  thickness  of  soil  bounded  by  two  other 
visually  distinct  layers  having  different  characteristics  with  respect  to  the 
state  of  solidity  and  moisture  content. 

6.  Frost  Action  Equipment 

To  simulate  any  freezing  conditions  required,  the  cold  room  had  a 
thermostatically-controlled  blower-type  refrigeration  system  which  was  able 
to  regulate  the  temperature  between  10 °C.  and  -30°C.  The  temperature  could  be 
dropped  slowly  or  rapidly,  and  could  be  caused  to  fluctuate  if  desired.  The 
refrigeration  plant  used  a  freon  compressor  powered  by  a  1-1/2  H.  P.  motor. 

The  Frost  Action  Cabinet  is  shown  schematically  in  Fig.  12. 

The  samples  were  insulated  by  coarse  zonolite,  with  their  tops  exposed 
to  the  air.  In  this  way,  freezing  progressed  from  the  top  downward,  and  the 
similarity  to  natural  heaving  conditions  was  produced.  The  reservoir  water  was 
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Fig.  10.  Heaved  Specimens 
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Fig.  12.  FRCST  ACTION  CABINET. 


1.  Ice  Lenses. 

2.  Thermometer. 

3.  Untreated  specimen  after  some  freezing  period. 

4.  Treated  specimen  after  some  freezing  period. 

5.  Specimen  before  any  freezing. 

6.  Zonolite  Insulation. 

7.  Water  Heater. 

8.  Water  Reservoir. 

9.  Porous  Bronze  Plates. 

10.  Insulation. 
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warmed  by  an  immersed  rod  beater  thermostatically  set  for  a  range  of  about 
3  to  9°C. 

The  specimens  rested  on  porous  bronze  plates  about  l/2"  below  the 
water  level.  These  plates  were  attached  to  the  sample -holding  board.  The 
board  was  elevated  by  four  legs  which  allowed  a  2"  reservoir  depth. 

The  water  was  fed  to  the  zone  of  freezing  by  capillarity. 

There  were  two  Frost  Action  Cabinets,  one  of  which  would  hold  six 
samples,  and  the  other,  twelve. 

7.  Discussion  of  Laboratory  Data 

General :  Tables  I  to  XI  are  the  complete  records  of  the  data  taken 

during  the  freezing  tests.  The  samples  indicated  on  any  one  table  may  be 
compared  to  one  another,  but  cannot  be  compared  to  samples  on  any  other  table 
since  different  tables  are  representative  of  different  freezing  conditions. 
Slight  variations  in  freezing  conditions,  such  as  room  temperature  fluctuation, 
water  temperature  variation,  and  variations  in  the  insulating  qualities  of  the 
zonolite,  had  very  noticeable  effects  on  the  heaving  of  the  samples.  However, 
since  one  of  the  freezing  cabinets  held  twelve  samples,  Tables  IV  &  V,  and 
VIII,  IX  &  X  may  be  compared.  These  tables  have  all  the  pertinent  data  re¬ 
garding  the  treatment  of  the  samples. 

The  data  on  these  tables  has  been  plotted  on  Figs.  13  to  23.  These 
rate  of  heave  curves  present  a  visual  picture  to  afford  a  clearer  understand¬ 
ing  of  the  heaving  process. 

Photographs  were  taken  of  some  of  the  samples  shortly  after  they 
were  taken  from  the  Frost  Action  Cabinet,  to  record  permanently  the  character 


of  the  heaving. 
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TABLE  I.  SPECIMEN  HEAVE  DATA  FOR  SAMPLES  1  TO  6 
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TABLE  11(a).  VARIATION  OF  MOISTURE  CONTENT  WITH  DEPTH 


Samples  7 

to  12. 

Rings  numbered  1  to 

12,  top  to  bottom. 

Sample  No. : . 

8 

9 

10 

11 

12 

Admixture : . . 

Lig.XD 

Lig.XD 

Lig.XD 

Lig.XD 

Lig.XD 

Sol’n  Strength: . 

55.5 

42.5 

28 

4 

0 

Moisture  Content  (f0) : 

Ring  No.  1 

"  2 

8.15) 

") 

10.56) 

9.75) 

") 

12.21) 

15.06 

17.75 

17.19 

23.00 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


12. 15  ) 


19.21 


i) 

42. 00  j 
24. 20 j 


_ I 

16.55 

23.40) 

51.80 

23.10 

23 . 20  j 


) 

11.92) 
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26.00) 

39.30) 


_) 

19.55) 

") 

39.12) 

J 


18.75 
17.50 

16.75 
20.30 
21.40 


64.0 


) 

J 


) 


22.  94 

24.30) 

28.10 

28.50 


70.32 


) 

1) 


Sample  No. 

7: 

No  heaving  at  bottom  of  No.  6.  l/8"  parting  between  Nos.  6  &  7 

and  Nos.  8  &  9.  l/4"  parting  between  Nos.  7  &  8.  7  &  8  solid. 

Sample  No. 

8: 

No  heaving  down  to  No.  4.  l/8"  parting  between  Nos.  4  &  5  and 

Nos.  546.  l/ 4M  parting  between  Nos.  6  &  7  and  Nos.  7  &  8. 
l/8”  parting  between  Nos.  849  and  Nos.  9  4  10. 

Sample  No. 

9: 

No  heaving  at  all  down  to  bottom  of  No.  5.  Not  solid  at  all. 
Saturated  from  No.  5  down.  Free  water  in  evidence. 

Sample  No. 

10: 

Very  slight  heave  down  to  No.  4.  Most  between  Nos.  548. 

Sample  not  so  solid  as  Samples  11  and  12. 

Sample  No. 

11: 

Evenly  heaved.  Frozen  to  bottom  of  No.  10.  Main  ice  lense  from 
midway  in  No.  9  to  midway  in  No.  10.  Sample  solid  throughout. 

Sample  No. 

12: 

Evenly  heaved.  Frozen  to  bottom  of  No.  9.  Main  ice  lense  from 
midway  in  No.  8  to  midway  in  No.  9.  Sample  solid  throughout. 
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TABLE  III.  SPECIMEN  HEAVE  DATA  FOR  SAMPLES  13  TO  18 
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TABLE  IV.  SPECIMEN  HEAVE  DATA  FOR  SAMPLES  19  TO  25 
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Notes:  Heaves  in  percent  of  six  inch  length. 

Heaves  due  to  pore  water  freezing  in  percent  of  six  inch  length. 
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The  areas  of  ice  segregation  are  quite  veil  defined  by  the  parting 
of  the  lucite  rings.  However,  the  depth  of  the  frost  penetration  is  not  indi- 
cated  by  the  lower  boundary  of  the  area,  since  the  bottom  few  rings  may  have 
been  held  solid  by  the  surrounding  frozen  zonolite,  which  would  prevent  any 
movement  of  the  rings.  In  such  a  case,  the  heaving  forces  would  produce  a 
relative  movement  of  the  soil  and  the  confining  rings. 

Aerosol  OTB  solutions  were  of  a  thick  gelatinous  consistency.  A 
one-half  percent  solution  was  the  optimum  solubility  at  zero  degrees  centi¬ 
grade.  For  this  reason  the  computations  were  not  carried  through,  as 
viscosities  were  indeterminable. 

The  original  water-bath  heater  in  the  twelve-sample  Frost  Cabinet 
was  faulty.  This  was  not  realized  until  the  second  time  that  the  bath 
became  frozen.  The  heave  pattern  for  the  samples  19  to  30  indicates  a 
discontinuity  at  the  time  of  the  freezing  of  the  bath,  but  shows  that  the 
samples  resumed  their  former  trend  after  the  bath  was  melted.  The  heater, 
being  thermostatically  controlled,  heated  to  its  maximum  output  while  melting 
the  ice,  and  in  doing  so,  probably  heated  the  water  bath  to  the  higher  limit  of 
its  set  range.  This  would,  in  turn,  melt  some  of  the  ice  lenses  in  the  speci¬ 
mens  to  some  height  above  the  sample-holding  board.  The  specimens,  being 
without  the  ice-lense  support,  would  settle  slightly.  From  this  point,  all 
the  heaving  would  be  done  in  the  lower  parts  of  the  sample,  but  as  mentioned 
before,  would  not  necessarily  be  apparent  from  the  appearance  of  the  specimen. 
There  would  not  likely  be  any  parting  of  the  rings  in  this  area  since  the 
frozen  insulation  would  have  held  them  stationary. 

The  termination  of  the  heaving  in  some  of  the  samples,  indicated  by 
a  horizontal  line  on  the  rate  of  heave  curves,  was  due  to  the  frost  penetra- 
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tion  being  down  to  the  bottom  of  the  samples ,  with  no  further  capillary  action 

in  the  samples. 

It  should  be  realized  that  the  treatment  of  all  the  test  data  was 
done  on  the  basis  that  the  permeabilities  of  all  the  specimens  in  any  wsetM 
would  be  identical  but  for  the  presence  of  the  admixtures.  Since  the  permea¬ 
bility  is  a  function  of  the  void  spaces  in  the  soil,  it  is  also  a  function  of 
the  dry  density  of  the  soil.  For  this  reason  an  attempt  was  made  to  create 
equal  densities  in  all  the  samples.  This  was  done  by  tamping  the  soil  into 
the  molds  in  a  systematic  manner,  and  with  due  regard  to  the  mechanics  of 
compaction.  Generally  the  densities  were  quite  close  to  one  another  and  the 
associated  effect  on  the  permeability  of  the  soil  was  considered  to  have  been 
made  a  constant  for  all  the  samples. 

Meaning  of  Terms: 

Water  Temperature:  Temperature  of  the  water  bath  (Fig.  2 )  supplying 
water  to  the  samples. 

Air  Temnerature :  Temperature  of  the  air  directly  above  the  samples. 

Accum.  Degree  Hours  of  Freezing:  The  cumulative  sum  of  the  number 
of  degree  hours  of  freezing  up  to  the  elapsed  time  shown,  i.e.,  «3®C.  for  one 
day  is  72  degree  hours  of  freezing. 

Heave :  All  heaves  are  tabulated  as  the  change  in  length  of  the 
sample  expressed  as  a  percentage  of  the  original  length.  The  change  in  length 
is  the  total  change  from  the  beginning  of  the  freezing  test  and  is  not  an 
incremental  change. 

Initial  Moisture  Content:  Representative  samples  of  each  specimen 
were  taken  at  the  time  of  molding.  All  moisture  contents  are  expressed  as  the 
weight  of  water  divided  by  the  dry  weight  of  soil,  and  are  presented  as  percent¬ 
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Final  Moisture  Content:  This  was  obtained  by  using  the  whole  specimen 
as  a  moisture  content  sample.  Samples  7  to  12  were  broken  into  layers  and 
the  moisture  content  variations  determined  (Table  Xl(a)  ). 

Initial  Dry  Density:  This  is  an  expression  of  the  state  of  compact¬ 
ness  of  the  soil  having  units  of  lbs.  per  cu.  ft. 

Initial  Degree  of  Saturation:  This  value  expresses,  as  a  percentage, 
that  amount  of  fluid  which  the  soil  holds  as  compared  to  the  amount  which  it 
is  capable  of  holding  in  its  particular  state  of  density.  It  is  the  percent¬ 
age  of  the  void  spaces  which  are  filled  with  water. 

Heave  due  to  Pore  Water  Freezing:  This  is  the  maximum  amount  of 
heaving  attributable  to  the  expansion  of  the  pore  water  on  freezing.  The 
sample  does  not  necessarily  exhibit  this  amount  of  heave  since  the  degree  of 
saturation  may  or  may  not  be  a  factor  involved.  The  soil  water,  on  freezing, 
may  in  some  cases  tend  to  fill  a  larger  portion  of  the  void  spaces  in  the  soil, 
whereas  in  others  the  voids  might  remain  unaltered  and  the  full  effect  of  the 
expansion  would  be  revealed  by  the  heaving  of  the  sample. 

Solution  Strength:  Weight  of  the  admixture  divided  by  the  weight 
of  water,  expressed  as  a  percentage. 

Soil  Used:  Figures  9  &  28  show  the  grain  size  curves  of  all  the 
soils  used  and  are  referred  to  by  number. 

8.  Correlation  of  Data  with  Theoretical  Concepts 

It  was  noticed  throughout  the  program  that  the  specimens  were  very 
sensitive  to  slight  room-temperature  increases.  If,  for  some  reason,  the 
cold-room  door  was  not  closed  securely,  the  temperature  would  rise.  The 
samples  generally  showed  a  corresponding  settlement.  In  other  cases  the 
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behavior  was  erratic  for  no  obvious  reason. 

The  relationship  between  the  viscosity  of  the  saturating  fluid 
and  the  rate  of  heaving  of  the  specimen  was  the  required  quantity.  The  vis- 
cosity  of  the  admixture  solutions  was  a  non-varying,  fixed  value.  However, 
the  rate  of  heave  was  an  ambiguous  quantity.  It  was  always  expressed  as  a 
percentage  per  thousand  degree-hours  of  freezing.  Two  rates  of  heaving  were 
considered:  (l)  the  average  rate  of  heaving,  and  (2)  the  maximum  rate  of 
heaving.  The  maximum  rate  of  heaving  was  found  by  choosing  several  points  of 
a  likely  maximum  rate  from  the  rate  of  heave  curves,  and  extracting  the  maxi¬ 
mum  from  them.  The  degree  days  of  freezing  during  this  period  was  the 
difference  between  the  cumulative  totals  at  the  beginning  and  end  of  the 
period.  The  average  rate  of  heaving  was  considered  to  be  the  rate  from  the 
time  the  heaving  began  until  the  time  that  the  curves  became  erratic.  It 
would  be  the  slope  of  a  straight  line  joining  the  plotted  heaves  at  these 
two  times.  Then,  knowing  the  rate  of  heave  and  the  viscosity,  their  product 
was  computed.  On  the  basis  of  the  theory,  excluding  all  other  factors,  the 
values  found  in  this  manner,  for  all  specimens  in  any  one  set,  should  have 
been  the  same. 

Whether  the  heaving  due  to  the  expansion  of  the  pore  water  should 
be  included  in  the  analysis  or  not  is  unassessable.  Indeed,  some  of  the 
samples  did  not  even  heave  to  this  extent  totally.  Therefore  analyses  were 
made  with  two  varying  factors. 

Table  XIII  deals  with  the  average  rate  of  heave.  To  include  the 
pore  water  expansion  is  to  say  that  the  heave  due  to  this  factor  is  not  a 
true  heave  in  the  technical  sense  of  the  term;  that  is,  the  heave  was  not 
produced  by  the  production  of  ice  lenses  by  the  action  mentioned  in  the 
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general  opening  remarks.  Therefore  the  heave  attributable  to  this  factor  would 
be  subtracted  from  the  total  heave,  and  the  remainder  carried  through  the  table. 
Ignoring  this  factor,  the  maximum  heave  was  carried  through  as  a  comparison  to 
the  corrected  heave.  Table  XII  shows  the  results  obtained  by  using  a  maximum 
rate  of  heave,  and  Table  XIII  the  average  rate  of  heave.  The  tables  are  self- 
explanatory. 

It  was  impossible,  by  the  method  of  compaction  originally  adopted, 
to  produce  a  state  of  complete  saturation  in  the  specimens.  As  the  program 
continued,  the  degree  of  saturation  of  the  samples  was  increased.  The  samples 
impregnated  by  electro-osmosis  were  very  nearly  saturated.  It  should  be  noted 
that  some  of  the  samples  had  evidences  of  free  water  at  the  time  they  were 
introduced  to  the  Frost  Action  Cabinet,  but  from  later  computations,  were 
found  to  be  only  about  70%  to  90%  saturated.  The  results,  however,  indicated 
no  definite  trend  toward  any  constant  value  of  the  product  of  the  viscosity 
and  the  rate  of  heave. 

9.  Remarks  Regarding  Particular  Test  Specimens 

Although  some  of  the  specimens  yielded  values  of  the  product  of  the 
viscosity  and  the  maximum  rate  of  heave  per  1000  degree  hours  which  were  within 
fairly  narrow  margins,  these  tendencies  were  not  common  to  any  particular  range 
of  viscosities.  Samples  9,  10,  11  and  12,  having  viscosities  of  7.5,  4.4,  2.0 

and  1.8,  yielded  values  of  6.6,  5.6,  5.0  and  5.6  respectively.  However,  the 

succeeding  tests  had  comparative  values  at  the  higher  range  of  viscosities, 
viz,  samples  13  and  15,  having  viscosities  of  20.0  and  7.3  respectively,  pro¬ 
duced  a  common  value  of  2.6. 
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Comparing  samples  from  different  sets  to  one  another,  some  tendencies 
are  shown  in  the  following  Tables  XIV  and  XV. 


TABLE  XIV.  MAXIMUM  RATE  OF  HEAVE  - 
EXERPTS  FROM  TABLE  XII 


Sample  No. 

Admixture 

Viscosity  x  Maximum  Rate  of 
Heave  Per  1000  Degree  Hours 

Viscosity 

5 

Lig.  BD 

15.9 

2.0 

6 

Nil 

14.3 

1.8 

18 

Nil 

15.5 

1.8 

25 

Aer.  MA 

12.4 

19.6 

29 

Lig.  BD 

13.2 

2.0 

40 

Lig.  BD 

15.0 

2.3 

48 

Lig.  BD 

12.8 

2.3 

49 

Lig.  BD 

12.5 

3.6 

50 

Lig.  BD 

13.8 

5.6 

3 

Lig.  BD 

21.5 

10.1 

7 

Lig.  XD 

19.0 

25.0 

28 

Aer.  TEF 

18.7 

10.2 

31 

Nil 

17.9 

1.8 

32 

Lig.  BD 

20.4 

5.0 

41 

Lig.  BD 

18.1 

5.0 

42 

Nil 

22.5 

1.8 

8 

Lig.  XD 

9.1 

14.1 

34 

Calgon 

8.2 

5.9 

45 

Aer.  No.  22 

8.  5 

20.6 

13 

Lig.  XD 

2.6 

20.0 

15 

Lig.  XD 

2.6 

7.3 

16 

Lig.  XD 

1.0 

5.0 

35 

Sugar  Beet 

3.2 

3.0 

Molasses 

38 

Lig.  BD 

2.5 

5.6 

39 

Lig.  BD 

2.6 

3.6 

46 

Aer.  No. 22 

1.4 

2.5 

Some  conclusions  can  be  drawn  from  Tables  XIV  and  XV: 

1.  There  is  a  wide  range  of  values  to  be  compared. 

2.  The  values  fall  within  three  or  four  limiting  margins. 

3.  Since  the  data  must  be  accepted  or  rejected  as  a  whole. 
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unless  valid  reasons  be  presented  for  the  rejection  of  part  of  it,  the  conclu¬ 
sion  which  must  be  drawn  from  Table  XIV  is  that  no  correlation  has  been  found 
between  the  viscosity  and  the  rate  of  heave. 

Table  XV  assembles  the  samples  into  one  group,  from  the  Average  Rate 
of  Heave  Table. 


TABLE  XV.  AVERAGE  RATE  OF  HEAVE  - 
EXERPTS  FROM  TABLE  XIII 


Sample  No. 

Admixture 

Viscosity  x  Average  Rate  of 
Heave  Per  1000  Degree  Hours 

Viscosity 

Not  Considering 
Expansion 

Considering 

Expansion 

4 

Lig.  BD 

6.6 

5.4 

5.0 

5 

Lig.  BD 

3.7 

3.4 

2.0 

6 

Nil 

3.9 

3.7 

1.8 

8 

Lig.  XD 

7.5 

6.3 

14.1 

9 

Lig.  XD 

5.0 

4.3 

7.5 

10 

Lig.  XD 

4.0 

3.4 

4.4 

11 

Lig.  XD 

3.5 

2.9 

2.0 

12 

Nil 

4.7 

3.2 

1.8 

17 

Lig.  XD 

6.3 

5.6 

2.0 

28 

Aer.  TEF 

7.8 

2.5 

10.2 

31 

Nil 

5.1 

4.8 

1.8 

32 

Lig.  BD 

9.0 

4.8 

5.0 

34 

Calgon 

2.6 

1.6 

5.9 

35 

Sugar  Beet 
Molasses 

1.2 

0.5 

3.0 

38 

Lig.  BD 

3.0 

— 

5.6 

39 

Lig.  BD 

2.6 

— 

3.6 

40 

Lig.  BD 

5.0 

3.4 

2.3 

41 

Lig.  BD 

3.5 

2.3 

2.0 

45 

Aer.  No. 22 

3.9 

2.3 

2.3 

48 

Lig.  BD 

2.0 

— 

2.3 

49 

Lig.  BD 

2.4 

— 

3.6 

50 

Lig.  BD 

4.1 

5.6 

Again,  the  same  conclusions  are  appropriate,  and  they  have  merely 
been  stressed  further. 

Samples  55  to  60  were  tested  with  Lignosol  BD  solutions  of  0,  1,  2, 

4,  6  and  10?o.  Solutions  of  these  strengths  have  viscosities  between  1.8  (water) 
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and  2.4  (lOf0  sol'n).  The  object  was  to  see  if  the  treated  soils  would  act 
similarly  to  one  another  under  freezing  conditions,  since  the  viscosities  of 
the  saturating  fluids  were  very  nearly  equal.  The  tests,  however,  proved 
conclusively  that  the  viscosity  was  not  the  controlling  factor,  and  indeed 
was  seemingly  a  very  minor  one.  The  curves  show  that  the  rate  of  heaving  is 
a  function  of  the  amount  of  Lignosol  added  to  the  soil.  The  indication  is 
that  some  action  of  the  admixture  on  the  soil  is  proportional  to  the  amount 
added. 

The  sodium-carbonate -treated  samples  did  not  bear  out  the  argument 
presented  earlier.  The  reverse  of  the  expected  heaving  occurred,  with  a 
greater  amount  of  heaving  corresponding  to  a  greater  concentration  of  the 
admixture.  The  heaving  did  not  follow  any  tendency  to  vary  with  the  dry 
densities  nor  the  initial  degree  of  saturation  of  the  specimens.  Furthermore, 
the  viscosities  of  solutions  of  this  admixture,  as  with  all  the  others,  varies 
directly  with  the  solution  strength. 

The  Lignosol  layer  in  Sample  54  did  not  reduce  the  heaving  to  the 
same  extent  as  the  totally  treated  Sample  39,  which  had  the  same  solution 
strength  of  the  admixture.  However,  the  heaving  was  reduced  to  approximately 
one -third  that  of  the  untreated  sample. 

Until  the  depth  of  frost  penetration  reached  the  treated  layer,  the 
formation  of  ice  lenses  would  be  restricted  by  the  action  of  the  Lignosol. 

When  the  frost  line  passed  through  the  layer,  and  the  ice  lenses  were  being 
formed  below  it,  the  sample  would  act  like  an  untreated  sample.  The  frost 
penetration  would  be  more  rapid  in  Sample  54  than  in  the  untreated  sanple, 
due  to  the  limited  heat  transfer  in  the  zone  of  freezing,  caused  by  the  re¬ 
straint  on  the  upward  flow  of  water. 
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The  insulation  used  was  selected  to  minimize  the  transfer  of  water 
from  the  specimens  to  it.  There  was,  however,  enough  fine  material  present 
to  draw  the  water  from  the  samples,  as  evidenced  by  a  frost  line  about  one 
inch  above  the  top  of  the  sample  board.  This  was  noticed  in  the  later  stages 
of  the  freezing  period  only.  At  first  indications  of  this  occurrence,  the 
insulation  was  agitated  in  the  areas  adjacent  to  the  samples  to  reduce  the 
soil -water  transfer. 

Lignosol  and  Aerosol  reduce  surface  tension.  Since  the  rate  of 
capillary  rise  is  dependent  on  the  surface  tension,  then  the  rate  of  the  forma¬ 
tion  of  ice  lenses  should  also  be  a  function  of  the  surface  tension. 

10.  Tension  Table  Tests 

Since  the  differences  in  the  viscosities  of  the  admixtures  have  not 
been  shown  to  be  the  major  factor  involved  in  the  prevention  of  ice  segrega¬ 
tion,  a  late  test  was  carried  out  to  determine  the  effects  of  the  admixtures 
on  surface  tension. 

The  test  was  essentially  the  application  of  a  certain  tension  on  the 
liquid  phase  of  a  saturated  sample  of  soil.  One  sample  was  saturated  with 
water,  the  other  with  a  solution  of  Lignosol  BD,  by  filling  a  pan  with  the 
solution  and  immersing,  but  not  submerging,  the  sample  plus  mold  in  it.  The 
sample  was  saturated  from  bottom  to  top,  thus  releasing  any  entrapped  air, 
and  was  ready  for  testing. 

The  Tension  Table  consisted  of  a  rectangular  pan  covered  with  a  thick 
glass  plate,  and  having  a  1-inch  lip  around  the  perimeter;  a  l/4-inch  hole 
was  drilled  through  the  two  at  the  centre  of  the  tray,  from  which  a  rubber  tube 
hung.  Over  the  glass  tray  were  placed  a  screen  (window-type)  and  a  large 
blotter  covering  most  of  the  tray.  The  tray  was  filled  with  water  and  allowed 
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to  drain  through  the  tube.  The  distance  from  the  surface  of  the  tray  to  the 
bottom  of  the  tube  was  set  at  60  cm.  When  all  the  water  had  drained  from 
the  tray,  a  column  of  60  cm.  of  water  was  suspended  in  the  tube  by  the  capil¬ 
lary  pull  of  the  water  in  the  blotter.  This  distance  was  therefore  a  function 
of  the  pore  spaces  of  the  blotter,  a  greater  height  of  water  being  more  than 
the  blotter  could  support. 

The  saturated  samples  then  were  placed  on  the  surface  of  the  blotter. 
This  contact  destroyed  the  surface  tension  at  the  face  of  the  blotter  and 
transferred  it  to  the  fluid  in  the  specimen.  The  weights  of  the  specimens 
were  determined  after  the  test,  and  having  made  them  up  with  exact  amounts  of 
dry  soil,  the  retained  amount  of  liquid  was  computed. 

A  solution  strength  of  3$  Lignosol  has  a  viscosity  inappreciably 
different  from  that  of  water  and  therefore  the  tension  necessary  to  draw  the 
liquids  out  of  the  samples  was  independent  of  the  viscosity  but  solely  depen¬ 
dent  on 

1.  The  smallest  pore  space  in  the  sample; 

2.  The  surface  tension  of  the  fluid; 

3.  The  angle  of  contact  of  the  fluid  and  the  soil  particles. 

Since  the  soil  for  each  sample  was  the  same  and  treated  in  an  identical  manner, 
the  first  item  was  considered  to  be  the  same  for  the  two  samples. 

The  moisture  retained  then,  after  the  tension  had  been  applied,  was 
dependent  on  the  last  two  factors,  but  since  the  problem's  answer  as  a  whole 
was  the  necessary  information,  these  last  two  factors  were  not  separated. 
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TABLE  XVI. 

TENSION  TABLE 

TESTS 

Soil  used  =  484.0  gms. 

After  Test 

Saturating  Fluid 

Water 

1  Lie.  XD 

T  +  W  +  S 

757.0 

743.0 

T  +  S 

648.6 

649.8 

T 

164.6  (A34) 

165.6  (ABI) 

S 

484.0 

484.2 

W 

108.4 

93.2 

The  surface  tension  has  been  reduced  considerably. 


It  is  clear  from  the  tests  that  the  surface  tension  of  water 
(and/or  the  angle  of  contact)  is  reduced  by  the  addition  of  Lignosol.  Since 
this  is  true,  then  another  factor  with  respect  to  the  reduction  of  ice  segre¬ 
gation  is  undoubtedly  the  partial  destruction  of  the  capillary  pull  of  the 
upward-percolating  fluid  in  a  freezing  soil.  Briefly,  with  the  surface 
tension  reduced,  the  rate  of  migration  of  water  from  the  water  table  to  the 
zone  of  freezing  would  be  reduced,  thus  reducing  the  heaving  of  the  soil. 

The  soil  used  was  screened  Elk  Island  sand,  passing  the  No.  50 
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11.  Soil  Types  At  Sites 

Spruce  Grove: 

Fairly  coarse  sand  and  gravel  mixture,  with  a  high  percentage  of 
fines.  This  soil  would  he  classified  as  being  quite  susceptible  to  ice 
segregation.  The  eastern  area  had  a  small  percentage  of  sand  sizes  with 
the  body  being  in  the  silt  range  and  containing  25%  clay.  The  heaving  was 
more  pronounced  in  the  silty  area. 

Stony  Plain: 

Silty  clay  with  25%  to  35%  clay  sizes.  Fairly  susceptible  to 
frost  action. 

Fallis: 

Sandy  silt  with  about  5%  clay  sizes.  Ideal  for  the  formation  of 
ice  lenses. 

Conditions 

Spruce  Grove: 

Water  table  at  8'  depth.  Site  chosen  at  a  7*  to  8'  cut. 

Stony  Plain: 

Water  table  at  8'  depth.  Drainage  conditions  very  poor  as  indicated 
by  the  abundance  of  surface  water  covering  the  area  after  a  thaw. 

Fallis: 

Water  table  at  7'  depth.  Bordered  by  Lake  Wabamun  on  the  south 
and  rising  land  on  the  north. 
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TABLE  XVII.  SOIL  TYPES  ENCOUNTERED  AT  THE  THREE  TEST  SITES 


FALLIS 

Distance  East  of 
Mile  50  Signpost 

12.8* 

29.8*  43.7* 

47.5* 

Depth  0  -  3’ 

Ballast 

Ballast  Ballast 

Ballast 

"  3’  -  4* 

Fine  sand 
and  silt 

Fine  sand  Fine  silty 

and  silt  sand. Some  clay. 

Gravel  and  sand. 

"  4*  -  5» 

II 

»•  M 

Gravel  and  sand. 
Some  silt. 

»  5t  g* 

As  above. 
Some  clay. 

As  above.  As  above. 

Some  clay. 

Gravelly  sand  & 
silt.  Layer  of 
large  stones  - 
6*  depth. 

The  typical  grading  curve  for  this  soil  is  shown  in  Figure 
referred  to  as  Soil  #2. 

25, 

STONY 

PLAIN  STATION  YARDS 

Distance  from 

Rail  Mark 

32.5’ 

O’ 

45.7’ 

Depth  0  -  3’ 

Gravel  and 
cinder  fill. 

Gravel  and 
cinder  fill. 

Gravel  and 
cinder  fill. 

"  3'  -  3.5' 

Silty  clay  (wet).  Silt  (very  wet). 

Light  clay. 

'*  3.  5* -6* 

Clayey  silt 

Clayey  silt. 

Silty  clay. 

Grading  curves  for  these  soils 
referred  to  as  Soils  #3  and  #4. 

are  shown  in  Figures  24  and 

25, 

SPRUCE  GROVE 

Distance  from 

Point  0. 

O’ 

19.7’  East 

49  *  East 

Depth  0-2' 

Ballast 

Ballast 

Ballast 

"  2'  -  3* 

Silt  (wet). 

Sandy  clay. 

Topsoil. 

"  3’  -  6* 

Coarse  sand 
and  gravel. 

Sandy  clay. 

Light  clay 
and  sand. 

Grading  curves  for 

these  soils 

are  shown  in  Figure  24, 

referred  to  as  Soil  #1. 
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12.  Comparison  of  Laboratory  Conditions 

to  Field  Conditions  for  Heaving 

The  rate  of  capillary  rise  of  water  through  a  soil  is  proportional 
to  the  surface  tension  of  the  liquid.  The  higher  the  water  rises  in  a  soil  by 
capillarity,  the  slower  it  travels.  The  restraining  force  (being  the  height 
of  capillary  water)  increases  with  the  height  of  rise  while  the  capillary  force 
remains  the  same. 

One  hypothesis  contends  that  the  affinity  of  a  growing  ice  crystal 
for  water  creates  a  suction,  and  therefore  another  force  promoting  the  rise  of 
water  is  produced. 

Consider  a  case  of  frost  heaving  in  the  field.  Let  the  forces  draw¬ 
ing  the  ground  water  to  the  zone  of  freezing  be  P^  and  Pg,  due  to  the  capillary 

force  and  to  the  suction  respectively.  Let  the  height  of  rise  be  H  feet.  Then 

Pi  +  P2 

the  hydraulic  gradient  is  ip  =  — - 

w 

In  the  laboratory,  the  height  of  rise  is  h  feet.  The  two  actuating 
forces  will  remain  the  same.  The  hydraulic  gradient  will  be 

1  -  pl  +  p2  i 

Lab '  TTp  „  ^  F 

Briefly,  then,  the  restraining  forces  vary  between  the  field  and 
laboratory,  whereas  the  actuating  forces  remain  the  same.  The  indication  is 
that  a  non-heaving  soil  in  the  field  might  well  produce  a  heave  in  the  labora¬ 
tory. 

13.  Field  Heave  Predictions  from  Laboratory  Tests 

The  heave  of  a  soil  is  very  nearly  equal  to  the  sum  of  the  thicknesses 
of  the  ice  lenses  formed.  Therefore  the  factor  "q"  in  Darcy’s  Law  (the  rate  of 
flow  of  water)  also  represents  the  rate  of  heave.  Then:  Rate  of  Heave  =  kiA. 
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l 
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At  Stony  Plain  and  Spruce  Grove ,  the  water  table  is  about  8  feet 
below  the  ground  surface.  Consider  the  field  and  laboratory  soils  to  have 
equal  permeabilities.  Consider  a  unit  area  in  each  case.  Since  the  actuat- 
ing  forces  are  equal  in  each  case,  then  the  respective  hydraulic  gradients, 
if  a  value  of  1  is  assigned  to  the  laboratory  sample  (having  a  mean  height 
of  rise  of  3"),  are  1  and  l/24.  The  value  of  l/24  is  arrived  at  by  consider- 
ing  a  frost  penetration  of  4  feet.  Since  the  hydraulic  gradient  increases 
as  the  frost  line  goes  down,  a  "mean  frost  line"  at  a  depth  of  2  feet  was 
considered.  Then  the  mean  distance  of  travel  from  the  free  water  surface  to 
the  freezing  zone  is  6  feet,  and  the  hydraulic  gradient  is  l/24. 

Since  no  samples  from  the  test  sites  were  obtained  this  year,  an 
analysis  was  made  using  Yurkiw' s  data.  The  deduced  rates  of  heave  are  found 
from  lab.  rate  /  24.  The  lab.  rate  was  determined  from  examination  of  lab. 
data  and  the  picking  out  of  the  general  tendency  toward  constant  conditions. 


TABLE  XVIII.  DEDUCED  FIELD  RATE  OF  HEAVE  - 
SPRUCE  GROVE 


FIELD 

LAB. 

Day  to  Day 

Elapsed 

Rate  of  Heave 

Sample 

Rate  of  Heave 

Deduced  Field 

11*  E 

0.00067’ /day 

Rate  of  Heave 

(Dec. 27/51 

1  (  to 

(Jan. 26/52 

30  days 

33 

0.0083' /day 

0. 00035/day 

(Dec. 27/51 

2  (  to 

(Mar.  15/52 

78  days 

0.00078' /day 

34 

0.0083 '/day 

0.00035' /day 

(33)- 

8'E  of  " 

0"  Rail  (34)- 

11' E  of 

"0"  Rail 

Both  from  between  4*  and  5’  depths. 

Now  consider  the  heaving  at  some  other  arbitrarily-chosen  point. 


i.e.  at  30' E  of  "0"  Rail: 
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Dec. 27/51) 

to  )  30  days  0.005’ /day 

Jan. 26/52) 

Dec. 27/51) 
to  ) 

Mar. 15/52)  78  days  0.0029* /day 

These  samples  have  some  trend  towards  a  correlation  with  the  field 
hut  only  in  the  immediate  vicinity  of  the  area  from  which  they  were  obtained. 


TABLE  XIX.  DEDUCED  FIELD  RATE  OF  HEAVE  - 
STONY  PLAIN 


Dav  to  Dav 

FIELD 

Elapsed  Rate  of  Heave 

Sample 

LAB. 

Rate  of  Heave 

Deduced  Field 

88*E 

Rate  of  Heave 

Dec. 27/51) 

0.0042* /day 

to  ) 

30  days 

0.0021* /day 

31 

0.00018 '/day 

Jan. 26/52) 

Dec. 27/51) 

0.0013’ /day 

0.0208’ /day 

0.0009 ’/day 

to  ) 

99  days 

39 

Apr.  5/5 2) 

41 

0.0125’ /day 

0.0005' /day 

Note:  Sample  31  untreated.  (l25'E  of  "0"  Rail) 

Samples  39  and  41  leached.  (39)-  ll'E  of  ”0"  Rail.  (41)-  52*E  of  "0”  Rail 
Field  heaves  at  point  88*E  of  "0"  Rail.  Nearest  injection  hole  ll'W  and 
none  to  the  East. 


These  few  trial  computations  warrant  further  investigation. 
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TABLE  XX.  DEDUCED  FIELD  RATE  OF  HEAVE  -  F ALLIS 


LAB. 


Sample  No. 


Rate  of  Heave 


Deduced  Field  Rate  of  Heave 


23 


0.0334  ft. /day 


0.00139  ft. /day 


24 


0.0292  ft. /day 


0.00122  ft. /day 


Note:  Sample  23  -  27'  E.  of  Mile  50  Signpost: 
Sample  24  -  27 f  E.  of  Mile  50  Signpost: 


3  l/2  ft.  to  4  ft. 

4  ft.  to  4  l/2  ft. 


FTFT.P 

(Rate  of  Heave  in  Ft. /Day) 


North 

Side  of  Tracks 

South 

Side  of  Tracks 

Day  to  Day 

Nov. 10/52) 

Elapsed 

1*E 

27'E 

38. 5' E 

1»E 

27'E 

38.5’E 

to  ) 

) 

Jan. 17/53) 

68 

days 

0.00059 

0.00191 

0.00162 

0.00044 

0.00147 

0.00088 

Nov. 10/52) 

to  ) 

Feb. 10/53) 

92 

days 

0.00076 

0.00196 

0.00185 

0.00054 

0.00131 

0.00120 

Nov. 10/52) 

to  ) 

Mar.16/53) 

126 

days 

0.00048 

0.00135 

0.00119 

0.00024 

0.00096 

0.00103 

Jan. 17/53) 

to  ) 

Feb. 10/53) 

24 

days 

0.00125 

0.00208 

0.00250 

0.00083 

0.00083 

0.00208 

Jan. 17/53) 

to  ) 

Mar.16/53) 

Feb. 10/53) 

58 

days 

0.00034 

0.00068 

0.00068 

0.00000 

0.00034 

0.00121 

to  ) 

Mar.16/53) 

34 

days 

0.00000 

0.00000 

0.00000 

0.00000 

0.00000 

0.00061 
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TABLE  XXI.  DEDUCED  FIELD  RATE  OF  HEAVE  - 
STONY  PLAIN 


(Rate  of  Heave  in  Ft. /Day) 


North 

Side  of  Tracks 

South 

Side  of  Tracks 

Day  to  Day 

Elapsed 

10*  E 

49*  E 

88f  E 

10*E 

49’E 

0.00500 

88*  E 

0.00231 

Jan.  6/51) 
to  ) 

Feb.  1/51) 

26 

days 

0.00231 

0.00460 

0.00150 

0.00231 

Jan.  6/51) 
to  ) 

Apr.  5/51) 

89 

days 

0.00191 

0.00290 

0.00110 

0.00202 

0.00348 

0.00169 

Feb.  1/51) 
to  ) 

Apr.  5/51) 

63 

days 

0.00175 

0.00221 

0.00095 

0.00191 

0.00286 

0.00143 

Jan.  26/52) 
to  ) 

Feb.  15/52) 

20 

days 

0.00350 

0.00350 

0.00200 

0.00400 

0.00400 

0.00000 

Jan. 26/52) 
to  ) 

Apr.  5/52) 

69 

days 

0.00145 

0.00150 

0.00100 

0.00145 

0.00188 

0.00130 

Feb. 15/52) 
to  ) 

Apr.  5/52) 

49 

days 

0.00060 

0.00060 

0.00060 

0.00040 

0.00102 

0.00184 

Jan. 17/53) 
to  ) 

Feb.  3/53) 

17 

days 

0.00000 

0.00590 

0.00180 

0.00180 

0.00940 

0.00350 

Jan.  17/53) 
to  ) 

Mar.  16/53) 

58 

days 

0.00017 

0.00260 

0.00090 

0.00155 

0.00397 

0.00121 

Feb.  3/53) 
to  ) 

Mar. 16/53) 

41 

days 

0.00024 

0.00120 

0.00050 

0.00171 

0.00171 

0.00024 

Deduced  field  rates  of  heave  from  Table  XIX: 


125’  E  *  0.00018  ft. /day. 

52*  E  *  0.0009  ft. /day. 

11*  E  »  0.0005  ft. /day. 
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TABLE  XXII. 

DEDUCED  FIELD  RATE  OF  HEAVE 
SPRUCE  GROVE 

(Rate  of  Heave 

in  Ft. /Day) 

North 

Side  of  Track  Only 

Day  to  Day 

Elapsed 

9.  5*E 

34. 5*E 

49’E 

Dec.  7/50) 
to  ) 

Apr.  5/ 51) 

119  days 

0.00025 

0.00084 

0.00075 

Jan. 26/ 52) 
to  ) 

Apr.  5/52) 

69  days 

0.00058 

0.00101 

0.00131 

Jan. 17/53) 
to  ) 

Feb.  3/53) 

17  days 

0.00000 

0.00294 

0.00117 

Jan. 17/53) 
to  ) 
Mar. 16/53) 

58  days 

0.00034 

0.00138 

0.00086 

Feb.  3/53) 
to  ) 

Mar. 16/53) 

41  days 

0.00049 

0.00073 

0.00073 

At  the  location  where  the  test  samples  were  obtained,  the  rates  of 
heave  for  the  three  years,  at  different  periods  in  the  years,  vary  from 
25  x  10“®ft./day  to  58  x  10“5ft./day.  The  deduced  field  rate  of  heave  from 
the  laboratory  data  is  35  x  10”5ft./day.  This  is  a  very  unreliable  value 
when  it  is  realized  that  other  factors  affecting  heaving  have  not  been 
assessed  because  of  their  intangibility.  Such  things  as  the  rate  of  frost 
penetration,  variation  in  ground  water  level,  stratification  of  the  soil  at 
the  field  sites,  fluctuation  of  the  temperature,  variable  insulation  due  to 
the  thickness  and  nature  of  the  soil  overburden,  snow  and  ice,  etc. ,  all 
enter  the  mechanics  of  heaving.  A  change  in  the  ground  water  elevation  plus 
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a  change  in  the  frost  penetration  will  in  effect  contribute  jointly  to  a 
change  in  the  height  of  capillary  rise  of  the  ground  water  to  the  zone  of 
freezing.  This  case  will  be  discussed.  A  different  height  of  capillary 
rise  in  the  laboratory  samples,  along  with  the  aforementioned  factor,  will 
change  the  relative  hydraulic  gradients  of  the  field  and  laboratory. 

The  field  rates  of  heave  at  point  9.5  ft.  E.  are  reviewed  in 
Table  XXIII.  The  rates  of  heave  represent  the  amount  of  heaving  which  would 
take  place  in  any  one  day  if  the  total  heave  were  uniformly  distributed  over 
the  period  under  consideration.  The  levels  were  measured  to  0.01  ft.  If  an 
error  of  measurement  of  0.01  ft.  is  considered  (introducing  an  error  of  0.02* 
in  the  computed  heave),  the  rates  of  heave  would  change  considerably  since 
the  maximum  heave  in  any  of  the  periods  at  this  point  was  0.04  ft.  Then, 
whereas  a  heave  of  0.03  ft.  in  119  days  (Dec.  7/50  to  Apr.  5/51)  yielded  a 
rate  of  25  x  10"5ft./day,  a  heave  of  0.01  ft.  would  represent  8.3  x  10"5ft/day, 
and  a  heave  of  0.05  ft.  would  represent  42  x  10"5ft./day.  The  rates  in  all 
the  periods  are  treated  this  way  in  the  following  table. 


TABLE  XXIII. 

POSSIBLE 

ERRORS  AT  LEVEL 

POINT  9.5 

FT.  E. 

Period 

Heave 

(ft.) 

Possible  Error 
(ft.) 

Elapsed 

Ranges  of  Rates 
of  Heave  x  10 "5 

Dec.  7/50  to  Apr.  5/51 

0.03 

0.02 

119 

8  to  32 

Jan. 26/52  to  Apr.  5/52 

0.04 

0.02 

69 

29  to  97 

Jan. 17/53  to  Feb.  3/53 

0.00 

0.02 

17 

0  to  118 

Jan. 17/53  to  Mar. 16/53 

0.02 

0.02 

58 

0  to  69 

Feb.  3/53  to  Mar. 16/ 53 

0.04 

0.02 

41 

49  to  147 

The  range  is  now  widened  to  (8  to  147)  x  10 “5ft. /lay.  Although 
seemingly  very  widely  spread,  it  must  be  kept  in  mind  that  this  is  only  a 
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variation  of  0.00139  ft. /day ,  about  0.02  in. /day. 

The  laboratory  rate  might  veil  be  100%  in  error  using  the  method 
herein  described,  yet  even  as  a  rough  estimate  it  does  reveal  that  it  yields 
a  deduced  field  rate  of  heave  of  the  same  order  of  magnitude  as  the  actual 
field  rates.  It  vas  stated  that  the  deduced  field  rate  was  35  x  10~5ft./day, 
based  on  a  lab.  rate  of  0.0083  ft. /day.  However,  the  lab  rate  varies  from 
0.0017  to  0.0332  ft. /day,  which  in  turn  would  change  the  deduced  rate  from 
35  x  10"5  to  some  value  in  the  range  7  x  10”5  to  138  x  10"5. 

Now  with  this  range  of  deducible  field  rates  of  heave,  a  correction 
for  the  ratio  of  the  field  and  lab.  hydraulic  gradients  may  be  made.  Until 
now,  all  computations  have  been  made  considering  mean  capillary  rises  of  3M 
in  the  lab.  and  6*  in  the  field,  with  the  ratio  of  the  hydraulic  gradients 
of  1:24.  Consider  the  mean  capillary  height  in  the  lab.  to  have  a  range  of 

5”  to  lw  and  in  the  field  2'  to  8*.  Then  4.8  C  i  (field)/i  ( lab . )  96. 

The  range  of  7  x  10-5  to  138  x  10-5  would  be  widened  to  1.8  x  10 "5  to 
691  x  10”^.  Of  course,  some  of  these  errors  might  be  compensating,  but  the 
general  picture  is  that  with  the  available  data,  the  problem  cannot  be  solved. 
The  indication  is  that  there  could  be  a  representative  correlation  if  these 
margins  of  possible  error  were  reduced. 

This  treatment  of  the  Stony  Plain  and  Fall is  areas  would  give  the 


same  conclusions. 
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14.  Permeabilities  from  Consolidation  Tests 


If  the  flow  of  water  through  a  soil  of  given  dry  density  is  retarded 
by  the  viscous  action  of  an  admixture ,  then  the  permeability  of  the  soil  with 
respect  to  the  flow  of  water  through  it  may  be  said  to  have  been  changed. 

That  is,  whereas  in  previous  discussion  the  permeabilities  of  the  soils  were 
considered  equal  but  the  percolating  fluid  was  considered  to  change  in  charac¬ 
ter,  the  reverse  procedure  will  now  be  discussed.  Let  the  assumption  be  that 
water  is  the  percolating  fluid  in  all  cases,  and  that  the  admixtures  change 
the  permeability  of  the  soil.  Then  by  finding  the  permeabilities  of  a  soil, 
with  different  admixtures  added  and  with  no  admixtures  added,  with  all  other 
factors  being  considered  constant,  the  hypothesis  that  the  viscosity  of  the 
admixture  is  directly  proportional  to  its  rate  of  flow  through  the  soil  may 
be  further  analyzed. 

The  data  used  was  taken  from  an  associated  program  by  Yurkiw,  but 
the  soil  used  for  the  consolidation  tests  was  not  the  same  as  that  used  for 
the  freezing  tests. 

The  coefficient  of  permeability  of  a  soil  may  be  computed  from 
consolidation  test  data,  using  the  following  equation: 


T  ^  Hzy,r 
t  (1  +  e) 


where 


T  »  time  factor  taken  from  the  theoretical  time  curve  for  the  same 
percent  consolidation  corresponding  to  an  arbitrarily  selected  time  "t"  on 
the  experimental  curve. 

ay  a  coefficient  of  compressibility  =  average  slope  of  the  pressure- 
void  ratio  curve  over  the  range  of  the  load  increment  for  the  time  curve  being 


considered. 
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e  *  average  void  ratio  for  the  load  increment. 

H  »  the  height  of  specimen  corresponding  to  e,  when  drained  on  one 

side. 

The  coefficient  of  permeability  is  usually  most  conveniently 
computed  for  the  time  "t"  corresponding  to  50$  consolidation.  For  this  case 
the  time  factor  is  equal  to  0.2. 

It  is  obvious,  then,  that  the  coefficient  of  permeability  will  be 
different  for  each  load  applied  to  the  specimen,  since  the  void  ratio  will 
change . 

To  illustrate  the  method  of  determining  "t",  the  time  for  50$  con¬ 
solidation  to  occur,  Casagrande’s  method  is  shown  for  the  consolidation  test 
on  the  non-treated  sample. 

The  essence  of  the  method  is  to  determine  0$  consolidation  and  100$ 
consolidation,  and  at  the  dial  reading  midway  between  them,  to  pick  off  the 
corresponding  time. 

0$  is  found  by  determining  the  axis  to  which  the  upper  part  of  the 
"time  curve"  would  be  related  as  a  parabola.  This  is  an  approximation,  of 
course,  since  the  curve  is  not  actually  parabolic.  The  approximate  axis  of 
0$  consolidation  is  found  by  plotting  a  point  above  "t",  an  amount  equal  to 
the  dial  reading  difference  on  the  curve  between  t  and  4t.  For  instance, 
on  the  20  gm.  time  curve  at  t  *  4  minutes,  dial  reading  a  9108.  At 
t  =  1  minute,  dial  reading  »  9114.  The  difference  in  dial  readings  of  6  is 
plotted  above  9114  at  t  »  1  minute.  A  series  of  points  such  as  this  approxim¬ 
ates  a  straight  line  which  is  called  the  0$  consolidation  line. 

100$  consolidation  is  determined  by  extending  the  straight  line  por¬ 
tion  of  the  time  curve  to  intersect  the  extension  of  the  secondary  time  branch 
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Consider  two  specimens,  one  treated  and  the  other  untreated,  each 
having  the  same  e  value  in  the  expression  for  k.  Let  ki  and  kg  he  the  values 
of  the  coefficients  of  permeability  for  the  treated  and  untreated  samples 
respectively,  as  computed  from  the  consolidation  tests. 

kl  =  Vj2 

k2  Vl 

Therefore  ki  =  kg  >/2  . 

Consolidation  tests  were  conducted  on  a  soil  with  a  grain  size  dis¬ 
tribution  shown  on  Fig.  28.  The  admixtures  were  added  as  a  percentage  of 
the  dry  weight  of  soil  and  their  solution  strengths  computed  from  the  final 
moisture  content. 

The  analysis  then  was  to  reduce  the  permeabilities  exhibited  by  the 
treated  samples  to  the  values  which  they  would  have  had  without  the  admixtures, 
by  multiplying  them  by  the  viscosity  of  the  admixture  solution.  Since  the 
tests  were  run  at  room  temperature,  the  viscosity  of  the  water  was  considered 
as  1.000  . 

Since  the  soils  were  all  remolded,  it  seems  reasonable  that  in  the 
range  of  pressures  exceeding  the  precompression  pressures,  at  any  particular 
pressure,  the  void  ratios  should  be  the  same  in  all  the  samples. 

The  permeabilities  of  the  treated  samples,  being  functions  of  the 
time,  would  vary  with  the  resistance  to  flow  offered  by  the  admixtures.  This 
resistance  is  directly  attributable  to  the  viscosity  of  the  fluid,  and  there¬ 
fore  by  correcting  the  time  (by  dividing  it  by  the  viscosity  of  the  fluid) , 
the  corrected  permeability  of  the  soil  may  be  compared  to  that  of  the  permea¬ 
bility  of  an  untreated  sample,  at  the  same  pressure. 

The  basis  for  this  method  of  comparison  is  that  the  e  values  may 
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not  too  reliable,  being  based  on  the  final  moisture  content  of  the  consolida¬ 
tion  specimen,  and  that  the  curve  of  e  -  log  p  would  be  displaced  vertically, 
indicating  an  incorrect  relationship  between  these  two  quantities.  The 
computed  permeabilities,  being  dependent  on  the  void  ratio  and  the  pressure, 
would  be  in  error. 

From  the  test  data  it  may  be  seen  that  some  other  effects  are 
produced  by  the  admixtures,  which  curtail  the  flow  of  water  through  the 
soils. 

The  heave  curves  indicate  the  order  of  effectiveness  of  the  admix¬ 
tures  to  be: 

1.  Lignosols  BD  and  XD,  Calgon  and  Sugar  Beet  Molasses. 

2.  Aerosols  OTB,  MA,  and  No.  22. 

3.  Aerosol  TEF  16. 

A  summary  sheet  of  the  consolidation  test  results  is  shown  in 
Table  XXIV.  From  this  table,  curves  of  log  of  the  coefficient  of  permeability 
vs.  void  ratio  have  been  plotted  for  each  of  the  admixtures  (Fig.  26).  This 
plot  was  very  erratic  in  the  range  of  higher  void  ratios,  and  a  second  plot 
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of  straight  line  approximations  was  made  (Fig.  27),  from  which  some  conclu¬ 
sions  may  be  drawn,  and  some  characteristics  noted. 

The  straight  line  approximations  fall  in  the  same  general  slope  as 
the  untreated  sample's  curve. 

Aerosol  TEF  16  increases  the  permeability  of  the  soil  and  should 
therefore  promote  heaving. 

Table  XXV  was  prepared  for  the  examination  of  the  relationship 
between  heaving,  permeability  and  viscosity.  This  table,  however,  showed 
nothing  of  a  conclusive  nature,  but  led  further  to  the  assumption  that  an¬ 
other  factor  must  be  involved.  This  factor  is  surface  tension. 

The  amount  of  reduction  of  heaving  attributable  to  the  viscosity 
of  the  saturating  fluid  has  been  determined  on  the  basis  of  the  change  of 
permeability  of  the  soil  due  to  the  viscous  action,  as  compared  to  the  total 
permeability  change  effected  by  the  admixture  treatment. 

Considering  the  permeabilities  of  the  soil  to  be  a  logarithmic 
function  of  the  void  ratio,  best-fit  straight  lines  were  drawn  through  the 
plotted  points  from  the  consolidation  data. 

At  e  =  0.9,  =*  6  x  10"5. 

klig.XD  =  2.8  x  10-5.  (18$) 

The  heaving  rate  of  the  freezing  samples  should  be  reduced  by  about 
one-half.  The  viscosities  of  water  and  of  18$  lig.XD  at  room  temperature  are 
in  proportions  of  1.00/2.18  or  0.46.  The  viscosity  then  is  responsible  for 
reducing  the  permeability  from  6  x  10“5  to  2.76  x  10"5.  The  percent  permea¬ 
bility  reduction  attributable  to  the  viscosity  is  100$. 
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CONCLUSIONS 


1.  The  viscosity  of  the  saturating  fluid  is  a  contributing  factor, 
but  not  the  only;  factor,  in  the  reduction  of  frost  heaving  of  soils. 

2.  Sodium  carbonate  reduces  heaving,  some  particular  amount  being 
most  effective.  When  a  greater  or  lesser  amount  is  used,  the  effectiveness 

is  partially  lost.  It  is  important  to  note  that  the  higher  strength  solutions 
of  sodium  carbonate  are  more  viscous  than  lower  strength  solutions,  as  with 
all  the  other  admixtures.  In  effect,  then,  a  greater  heave  occurred  in  a 
sample  treated  with  the  more  viscous  solution.  This  is  in  direct  disagreement 
with  the  original  hypothesis. 

3.  A  correlation  between  laboratory  tests  and  field  behavior  exists, 
but  prediction  of  field  heaves  from  analyses  of  the  relating  conditions  between 
the  laboratory  and  field  is  not  yet  possible,  due  to  a  number  of  relating 
variables  which  have  not  yet  been  definitely  determined. 

4.  Yurkiw  (13)  states  that  Aerosol  was  detrimental  to  the  prevention 
of  ice  segregation  in  freezing  soils.  This  was  an  erroneous  conclusion,  based 
on  insufficient  data.  The  particular  Aerosol  product  used  probably  had  an 
ingredient  foreign  to  the  Aerosol  itself  which  caused  the  effect.  It  was  a 
Canadian  insecticide  having  the  trade  name  of  "Aer-a-sol" . 

5.  All  Aerosols  tested  in  this  program  reduced  the  heaving  propor¬ 
tionally  to  the  amount  of  the  admixture  added.  Aerosols  OTB,  MA,  and  No.  22 
are  more  effective  than  Aerosol  TEF,  but  the  Lignosols,  Calgon,  and  Sugar  Beet 
Molasses  are  superior  to  any  of  the  Aerosols. 

6.  Lignosols  BD  and  XD,  Calgon  and  Sugar  Beet  Molasses  all  have 
about  the  same  reducing  effect  on  heaving. 
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7.  The  reduction  of  heaving  attributable  to  the  viscosity  of  the 
saturating  fluid  is  in  some  cases  a  very  small  portion  of  the  total  reduction. 
In  other  cases,  the  total  reduction  may  be  attributed  to  the  viscosity.  There 
are  no  linking  factors  to  reveal  any  distinct  trend,  and  therefore  no  conclu¬ 
sions  can  be  drawn. 

8.  The  reduction  of  heaving  appears  to  be  associated  with  a 
reduction  of  surface  tension,  and  also  possibly  with  the  dispersing  character¬ 
istics  of  the  admixtures  as  well  as  the  increase  in  viscosity. 


B 


FIELD  INVESTIGATIONS 


V 


General : 

The  field  investigations  consisted  of  obtaining  elevations  of 


certain  locations  on  the  C.  N.  R.  line  west  of  Edmonton,  at  intervals  throughout 
the  winter,  referred  to  previously- set  benchmarks  (Fig.  29).  These  areas  were 
at  Spruce  Grove,  Stony  Plain  and  Fallis.  All  the  locations  had  been  previously 
treated  with  Lignosol.  At  Fallis,  two  untreated  sections  were  also  investi¬ 
gated. 


BENCHMARK 


Fig.  29.  Benchmark. 
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History  of  Treated  Areas: 

The  railroad  subgrade  consisted  generally  of  a  mixture  of  fine  sand 
and  silt  (Table  XVII)  running  over  low-lying,  muskeg-covered  land.  The  water 
table  was  from  seven  to  ten  feet  below  the  surface,  rising  to  within  five  feet 
of  the  surface  in  the  spring,  due  to  the  thaw,  and  in  the  fall,  due  to  the 
rains. 

All  three  areas  were  treated  in  1950-51  (Plans  I  to  IV),  but  because 
there  was  a  considerable  difference  in  the  effect  of  the  injection  at  the 
three  sites,  Stony  Plain  was  re-treated  in  December,  1951. 

Injection 

Although  no  treatment  was  carried  out  in  this  program,  it  is  felt 
that  a  brief  description  of  the  method  used  should  be  noted. 

The  field  treatment  of  the  heaving  areas  consisted  of  forcing  a 
Lignosol  solution  into  the  ground  by  a  l/2-inch  Foreman  rotary  gear  pump 
powered  by  a  5/8  H.  P.  Johnson  engine.  The  solution  passed  through  a  1-inch 
pipe,  five  feet  long,  perforated  with  l/4-inch  holes  for  one  foot  at  the 
bottom.  The  operating  pressure  was  generally  between  10  and  15  p.s.i. 

The  spacing  of  the  injection  holes  was  such  that  complete  saturation 
of  the  soil  between  them  resulted.  A  state  of  saturation  was  evidenced  by 
bubbling  of  Lignosol  in  adjacent  holes.  The  holes  were  approximately  ten 
feet  apart.  Forty-five  gallons  of  solution  were  adequate  for  each  hole,  the 
solution  strengths  being  between  33$  and  35$  by  weight.  Lignosol  BD  was  used 


throughout. 
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Field  Results 

Plans  I  to  IV  show  the  location  of  injection  points,  the  amount  of 
Lignosol  solution  injected,  and  when  it  was  injected.  These  Plans  show  the 
heaves  of  the  ties  at  intervals  throughout  the  past  three  winters.  The  ele¬ 
vations  before  any  heaving  had  taken  place  were  taken  each  year  while  the 
temperature  was  still  above  zero.  These  "zero”  readings  for  the  three  years 
did  not  check  with  each  other  at  Fallis,  due  to  the  replacement  of  some  of 
the  heaving  subgrade  material  with  gravel,  and  subsequent  re-laying  of  the 
ties.  The  heaves  therefore  have  been  related  to  the  zero  readings  taken 
each  year.  At  Stony  Plain  and  Spruce  Grove,  after  the  freezing  period,  the 
ties  did  not  settle  to  the  same  elevations  at  which  they  had  been,  previous 
to  the  winter.  Therefore,  each  plot  of  the  heave  for  any  particular  site 
has  been  related  to  a  different  "zero"  set  of  levels. 

The  "set”  points  were  nails  driven  into  the  tops  of  every  second  tie 
for  a  distance  covering  the  treated  zones.  They  were  set  on  the  portions 
protruding  past  the  rails,  on  the  outsides  of  the  tracks. 

Readings  were  taken  to  one -hundredth  of  a  foot  with  the  rod  held 
directly  on  the  "set"  nails.  During  the  winter  a  flame-thrower  was  used  to 
remove  the  ice  covering  on  the  ties. 

The  degree  of  freezing  may  be  expressed  by  the  cumulative  number  of 
degree  days  of  freezing  temperatures  experienced  by  the  soil.  This  value  has 
been  termed  the  Freezing  Index,  a  high  index  indicating  a  cold  winter,  and  a 
low  one,  indicating  a  mild  winter  such  as  that  of  1952-53.  A  heaving  region 
may  act  proportionately  to  the  Freezing  Index,  but  not  necessarily.  The 
Freezing  Index  is  a  measure  of  the  likely  depth  of  frost  penetration. 
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TABLE  XXVI.  CHAINAGES  OF  LEVEL  POINTS  AT  TEST  SITES 


FALLIS  (Referred  to  Mile  50  Signpost) 


Tie  No. 

Chainage 

Tie  No. 

Chainage 

Tie  No. 

Chainage 

8W 

to 

to 

i — 1 

43 

453.0 

73 

738.8 

6W 

10. 2W 

45 

456.4 

75 

742.6 

4W 

6.0W 

47 

460.7 

77 

746.4 

2W 

2.8W 

49 

463.  6 

79 

749.3 

1 

1.0E 

51 

467.2 

81 

752.6 

3 

5.0E 

53 

470,3 

83 

756.0 

5 

8.9 

55 

473.3 

85 

760.1 

7 

12.0 

57 

476.  5 

87 

762.9 

9 

16.0 

59 

480.0 

89 

767.0 

11 

19.2 

61 

483.9 

91 

770.6 

13 

23.  5 

63 

487.7 

93 

774.0 

15 

26.8 

65 

491.4 

95 

777.8 

17 

30.9 

67 

494.9 

97 

781.2 

19 

34.0 

69 

498.8 

99 

784.9 

21 

38.  5 

71 

502.4 

101 

789.0 

23 

41.2 

103 

792.8 

25 

44.8 

105 

796.4 

27 

48.6 

107 

799.3 

29 

52.  5 

109 

802.7 

31 

55.5 

111 

806.6 

33 

57.8 

113 

810.9 

35 

62.0 

115 

815.1 

37 

65.8 

117 

819.0 

39 

69.  5 

41 

73.3 

Untreated  sections  at  Fallis  - 

Ties  43  - 

117  inclusive 

# 

SPRUCE  GROVE  (Referred  to  First 

STONY  PLAIN 

(Referred  to  Mark 

Tie  East  of  Level  Crossing) 

on  North  Rail) 

Tie  No. 

Chainage 

Tie  No. 

Chainage 

Tie  No. 

Chainage 

0 

0 

4W 

12.5 

24 

43.4 

2 

3.4 

3W 

9.1 

26 

46.0 

4 

6.1 

2W 

5.4 

28 

49.0 

6 

9.5 

1W 

1.7W 

30 

52.2 

8 

13.1 

2E 

2.5E 

32 

56.0 

10 

16.8 

4E 

6.5E 

34 

59.9 

12 

19.5 

6 

10.1 

36 

63.8 

14 

23.  5 

8 

13.3 

38 

66.9 

16 

27.1 

10 

17.0 

40 

70.0 

18 

30.6 

12 

20.8 

42 

73.0 

20 

34.  5 

14 

24.3 

44 

76.0 

22 

38.2 

16 

27.8 

46 

79.0 

24 

42.4 

18 

31.  5 

48 

82.3 

26 

45.2 

20 

35.  5 

50 

84.6 

28 

49.1 

22 

39.2 

52 

88.3 

30 

52.5 

32 

55.8 
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TABLE  XXVl(a) .  LEVELS,  1952-1953,  LIGNOSOL -TREATED 
TEST  SECTION  -  FALL IS 


NORTH  SIDE  OF  TRACKS 


Total  Total 


Tie  No. 

Nov.  10 

Jan.  17 

Heave 

Feb.  10 

Heave 

March  16 

Heave 

8W 

99.93 

99.98 

0.05 

IOC. 01 

0.08 

100.00 

0.07 

6W 

.94 

.99 

0.05 

100.01 

0.07 

.01 

0.07 

4W 

.94 

.97 

0.03 

.01 

0.07 

.01 

0.07 

2W 

.98 

100.02 

0.04 

.03 

0.05 

.05 

0.07 

1 

99.95 

99.99 

0.04 

100.02 

0.07 

.01 

0.06 

3 

.94 

100.00 

0.06 

.02 

0.08 

.01 

0.07 

5 

.92 

99.99 

0.07 

.00 

0.08 

99.98 

0.06 

7 

.88 

.95 

0.07 

99.98 

0.10 

.97 

0.09 

9 

.92 

100.02 

0.10 

100.04 

0.12 

100.05 

0.13 

11 

.93 

.04 

0.11 

.07 

0.14 

.07 

0.14 

13 

.90 

.03 

0.13 

.06 

0.16 

.07 

0.17 

15 

.92 

.05 

0.13 

.10 

0.18 

.09 

0.17 

17 

100.01 

.14 

0.13 

.19 

0.18 

.18 

0.17 

19 

99.92 

.04 

0.12 

.08 

0.16 

.08 

0.16 

21 

.83 

99.94 

0.11 

99.99 

0.16 

99.98 

0.15 

23 

.88 

.98 

0.10 

100.01 

0.13 

100.01 

0.13 

25 

.89 

.97 

0.06 

.00 

0.11 

99.99 

0.10 

27 

.84 

.90 

0.06 

99.93 

0.09 

.91 

0.07 

29 

.83 

.86 

0.03 

.89 

0.06 

.87 

0.04 

31 

.80 
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0.03 
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.83 

0.03 

33 
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0.04 
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0.04 

35 
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.89 

0.04 

.90 

0.06 

.89 

0.05 

37 
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.87 

0.04 

.90 

0.07 

.89 

0.06 

39 

.83 

.88 

0.05 

.90 

0.07 

.90 
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.82 

0.04 

.84 

0.06 

.84 

0.06 
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TABLE  XXVl(b).  LEVELS,  1952-1953,  LIGNOSOL- TREATED 
TEST  SECTION  -  FALLIS 


Tie.  No. 

Nov.  10 

SOUTH  SIDE 

Jan.  17  Heave 

OF  TRACKS 

Feb.  10 

Total 

Heave 

March  16 

Total 

Heave 

8W 

99.98 

99.99 

0.01 

100.03 

0.05 

100.00 

0.02 

6W 

.99 

100.02 

0.03 

.  .05 

0.06 

.03 

0.04 

4W 

.93 

99.95 

0.02 

99.97 

0.04 

99.95 

0.02 

2W 

100.01 

100.05 

0.04 

100.06 

0.05 

100.05 

0.04 

1 

99.97 

100.00 

0.03 

100.02 

0.05 

.00 

0.03 

3 

.98 

.02 

0.04 

.04 

0.06 

.02 

0.04 
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.97 

.00 

0.03 

.03 

0.06 

.00 

0.03 
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.90 

99.95 

0.05 

99.96 

0.06 

99.94 

0.04 

9 

.93 

99.99 

0.06 

100.02 

0.09 

100.00 

0.07 

11 

.93 

100.02 

0.09 

.04 

0.09 

.03 

0.10 

13 

.99 

.08 

0.09 

.11 

0.12 

.10 

0.11 

15 

.92 

.02 

0.10 

.04 

0.12 

.04 

0.12 

17 

.94 

.04 

0.10 

.07 

0.13 

.06 

0.12 

19 

100.00 

.03 

0.03 

.06 

0.06 

.06 

0.06 

21 

99.87 

99.93 

0.06 

99.96 

0.11 

99.96 

0.13 

23 

.93 

100.00 

0.07 

100.01 

0.08 

100.01 

0.08 

25 

.88 

99.90 

0.02 
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0.04 

27 

.85 

.87 

0.02 

.89 

0.04 

.87 

0.02 

29 

.85 
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.87 

0.02 

31 
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TABLE  XXVl(c).  LEVELS,  1952-1953,  UNTREATED 
TEST  SECTIONS  -  F ALLIS 


Tie  No. 

Nov.  10 

NORTH  SIDE 

Jan.  17  Heave 

OF  TRACKS 

Feb.  10 

Total 

Heave 

March  16 

Total 

Heave 

43 

99.34 

99.59 

0.25 

99.68 

0.34 

99.70 

0.36 

45 

.37 

.63 

0.26 

.71 

0.34 

.74 

0.37 

47 

.37 

.64 

0.27 

.67 

0.30 

.76 

0.39 

49 

.35 

.63 

0.28 

.66 

0.31 

.75 

0.40 

51 

.32 

.59 

0.27 

.63 

0.31 

.72 

0.40 

53 

.28 

.56 

0.28 

.65 

0.37 

.68 

0.40 

55 

.27 

.55 

0.28 

.  64 

0.37 

.67 

0.40 

57 

.34 

.63 

0.29 

.71 

0.37 

.75 

0.41 

59 

.27 

.56 

0.29 

.64 

0.37 

.67 

0.40 

61 

.27 

.56 

0.29 

.  64 

0.37 

.67 

0.40 

63 

.29 

.59 

0.30 

.66 

0.37 

.70 

0.41 

65 

.29 

.58 

0.29 

.65 

0.36 

.69 

0.40 

67 

.27 

.  56 

0.29 

.63 

0.36 

.67 

0.40 

69 

.31 

.58 

0.27 

.65 

0.34 

.69 

0.38 

71 

.31 

.55 

0.24 

.63 

0.32 

.66 

0.35 

73 

98.97 

99.04 

0.07 

99.09 

0.12 

99.07 

0.10 

75 

.95 

.03 

0.08 

.08 

0.13 

.05 

0.10 

77 

.95 

.02 

0.07 

.07 

0.12 

.05 

0.10 

79 

.91 

98.98 

0.07 

.03 

0.12 

.00 

0.09 

81 

.92 

99.01 

0.09 

.07 

0.15 

.03 

0.11 

83 

.92 

.01 

0.09 

.06 

0.14 

.05 

0.13 

85 

.90 

.07 

0.17 

.14 

0.24 

.11 

0.21 

87 

.92 

.14 

0.22 

.22 

0.30 

.20 

0.28 

89 

.89 

.19 

0.30 

.27 

0.38 

.27 

0.38 

91 

.92 

.27 

0.35 

.37 

0.45 

.38 

0.46 

93 

.86 

.22 

0.36 

.34 

0.48 

.37 

0.51 

95 

.87 

.23 

0.36 

.37 

0.50 

.40 

0.53 

97 

.87 

.21 

0.34 

.36 

0.49 

.39 

0.52 

99 

.88 

.21 

0.33 

.36 

0.48 

.38 

0.50 

101 

.94 

.25 

0.31 

.41 

0.47 

.43 

0.49 

103 

.88 

.17 

0.29 

.34 

0.46 

.37 

0.49 

105 

.83 

.10 

0.27 

.26 

0.43 

.30 

0.47 

107 

.82 

.08 

0.26 

.23 

0.41 

.28 

0.46 

109 

.83 

.08 

0.25 

.23 

0.40 

.27 

0.44 

111 

.80 

.01 

0.21 

.16 

0.36 

.19 

0.39 

113 

.82 

.00 

0.18 

.13 

0.31 

.15 

0.33 

115 

.81 

98.96 

0.15 

.08 

0.27 

.10 

0.29 

117 

.81 

.94 

0.13 

.06 

0.25 

.06 

0.25 
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1-41,  BW,  4W, 

6W  and  8W 
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TABLE  XXVl(d) .  LEVELS,  1952-1953,  UNTREATED 
TEST  SECTIONS  -  FALL IS 


SOUTH  SIDE  OF  TRACKS 


Total  Total 

Tie  No.  Nov.  10  Jan.  17  Heave  Feb.  10  Heave  March  16  Heave 


43 

99.31 

99.49 

0.18 

99.57 

0.26 

99.  57 

0.26 

45 

.31 

.50 

0.19 

.  56 

0.25 

.57 

0.26 

47 

.31 

.51 

0.20 

.57 

0.26 

.  59 

0.28 

49 

.35 

.55 

0.20 

.60 

0.25 

.64 

0.29 

5. 

.29 

.49 

0.20 

.54 

0.25 

.57 

0.28 

53 

.30 

.50 

0.20 

.55 

0.25 

.57 

0.27 

55 

.25 

.45 

0.20 

.  50 

0.25 

.56 

0.31 

57 

.34 

.55 

0.21 

.60 

0.26 

.66 

0.32 

59 

.25 

.46 

0.21 

.  52 

0.27 

.57 

0.32 

61 

.34 

.57 

0.23 

.63 

0.29 

.65 

0.31 

63 

.23 

.48 

0.25 

.54 

0.31 

.56 

0.33 

65 

.27 

.52 

0.25 

.58 

0.31 

.61 

0.34 

67 

.23 

.49 

0.26 

.55 

0.32 

.58 

0.35 

69 

.25 

.48 

0.23 

.54 

0.29 

.56 

0.31 

71 

.24 

.46 

0.22 

.51 

0.27 

.54 

0.30 

73 

98.87 

99.00 

0.13 

99.01 

0.14 

99.02 

0.15 

75 

.92 

98.98 

0.06 

.00 

0.08 

.00 

0.08 

77 

.90 

.95 

0.05 

98.96 

0.06 

98.96 

0.06 

79 

.90 

.93 

0.03 

.95 

0.05 

.95 

0.05 

81 

.89 

.92 

0.03 

.93 

0.04 

.94 

0.05 

83 

.88 

.96 

0.07 

.97 

0.09 

.97 

0.09 

85 

.88 

.92 

0.04 

.95 

0.07 

.95 

0.07 

87 

.92 

.97 

0.05 

99.00 

0.08 

99. 00 

0.08 

89 

.91 

.98 

0.07 

.00 

0.09 

98.99 

0.08 

91 

.87 

.96 

0.09 

.00 

0.13 

.99 

0.12 

93 

.84 

.97 

0.13 

— 

— 

99.02 

0.18 

95 

.86 

.99 

0.13 

.05 

0.19 

.05 

0.19 

97 

.86 

99.00 

0.14 

— 

— 

0.07 

0.21 

99 

.84 

.00 

0.16 

.08 

0.24 

.09 

0.25 

101 

.87 

.05 

0.18 

.12 

0.25 

.15 

0.28 

103 

.83 

.01 

0.18 

.09 

0.26 

.11 

0.28 

105 

.84 

.01 

0.17 

.08 

0.24 

.09 

0.25 

107 

.82 

98.97 

0.15 

.06 

0.24 

.07 

0.25 

109 

.83 

.98 

0.15 

.09 

0.26 

.09 

0.26 

111 

.82 

.95 

0.13 

.04 

0.22 

99.03 

0.21 

113 

.84 

.92 

0.03 

.02 

0.18 

98.99 

0.15 

115 

.78 

.88 

0.10 

98.97 

0.19 

.95 

0.17 

117 

.78 

.88 

0.10 

.96 

0.18 

.95 

0.17 

Ties  1-41,  4W,  6W  and  8W  -  Treated. 
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TABLE  XXVl(e) .  LEVELS,  1952-1953,  LIGNOSOL -TREATED 
TEST  SECTIONS  -  SPRUCE  GROVE 


NORTH  SIDE  OF  TRACKS 


Total  Total 


Tie  No. 

Nov.  10 

Jan.  17 

Heave 

Feb.  3 

Heave 

March  16 

Heave 

0 

96.48 

96.  56 

0.08 

96.  56 

0.08 

96.58 

0.10 

2 

.51 

.61 

0.10 

.61 

0.10 

.63 

0.12 

4 

.  50 

.60 

0.10 

.61 

0.11 

.63 

0.13 

6 

.42 

.53 

0.11 

.  53 

0.11 

.55 

0.13 

8 

.40 

.49 

0.09 

.  51 

0.11 

.54 

0.14 

10 

.38 

.47 

0.09 

.51 

0.13 

.55 

0.17 

12 

.46 

.  56 

0.10 

.60 

0.14 

.65 

0.19 

14 

.42 

.  56 

0.14 

.60 

0.18 

.65 

0.23 

16 

.40 

.55 

0.15 

.60 

0.20 

.64 

0.24 

18 

.36 

.  52 

0.16 

.55 

0.19 

.61 

0.25 

20 

.38 

.51 

0.13 

.56 

0.18 

.  59 

0.21 

22 

.33 

.46 

0.13 

.49 

0.16 

.52 

0.19 

24 

.37 

.50 

0.13 

.  53 

0.16 

.55 

0.18 

26 

.37 

.50 

0.13 

.52 

0.15 

.54 

0.17 

28 

.35 

.45 

0.10 

.47 

0.12 

.50 

0.15 

30 

.34 

.42 

0.08 

.45 

0.11 

.48 

0.14 

32 

.28 

.35 

0.07 

.40 

0.12 

.46 

0.18 

SOUTH 

SIDE 

OF  TRACKS 

0 

96.46 

96.51 

0.05 

96.  54 

0.08 

96.53 

0.07 

2 

.46 

.  53 

0.07 

.  55 

0.09 

.54 

0.08 

4 

.46 

.54 

0.08 

.  55 

0.09 

.55 

0.09 

6 

.42 

.49 

0.07 

.51 

0.09 

.51 

0.09 

8 

.42 

.50 

0.08 

.  53 

0.11 

.54 

0.12 

10 

.40 

.48 

0.08 

.  52 

0.12 

.55 

0.15 

12 

.45 

.  56 

0.11 

.61 

0.16 

.65 

0.20 

14 

.38 

.51 

0.13 

.  56 

0.18 

.58 

0.20 

16 

.36 

.50 

0.14 

.55 

0.19 

.60 

0.24 

18 

.34 

.48 

0.14 

.  52 

0.18 

.56 

0.22 

20 

.39 

.52 

0.13 

.55 

0.16 

.  58 

0.19 

22 

.32 

.43 

0.11 

.45 

0.13 

.  49 

0.17 

24 

.37 

.47 

0.10 

.  50 

0.13 

.52 

0.15 

26 

.36 

.46 

0.10 

.48 

0.12 

.52 

0.16 

28 

.35 

.44 

0.09 

.48 

0.13 

.52 

0.17 

30 

.34 

.44 

0.10 

.47 

0.13 

.51 

0.17 

32 

.27 

.37 

0.10 

.40 

0.13 

.43 

0.16 
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TABLE  XXVl(f).  LEVELS,  1952-1953,  LIGN0S0L -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


NORTH  SIDE  OF  TRACKS 


lov.  10 

Jan.  17 

Heave 

Feb.  3 

Total 

Heave 

March  16 

Total 

Heave 

96.93 

97.02 

0.09 

96.97 

0.04 

97.02 

0.09 

.87 

96.94 

0.07 

.91 

0.04 

96.96 

0.09 

.89 

.91 

0.02 

.94 

0.05 

97.00 

0.11 

.81 

.89 

0.07 

.88 

0.04 

96.93 

0.12 

.81 

.94 

0.13 

.90 

0.09 

.95 

0.14 

.83 

.93 

0.10 

.93 

0.10 

.97 

0.14 

.88 

.94 

0.06 

.98 

0.10 

.95 

0.07 

.78 

.88 

0.10 

.88 

0.10 

.94 

0.16 

.73 

.86 

0.13 

.89 

0.16 

.94 

0.21 

.75 

.83 

0.08 

.86 

0.11 

.90 

0.15 

.78 

.87 

0.09 

.88 

0.10 

.94 

0,16 

.79 

.86 

0.07 

.91 

0.12 

.97 

0.18 

.73 

.83 

0.10 

.87 

0.14 

.92 

0.19 

.73 

.85 

0.12 

.90 

0.17 

.96 

0.23 

.84 

.91 

0.07 

97.03 

0.19 

97.09 

0.25 

.76 

.89 

0.13 

96.95 

0.19 

97.00 

0.24 

.73 

.90 

0.17 

.92 

0.19 

96.97 

0.24 

.81 

.91 

0.10 

97.01 

0.20 

97.06 

0.25 

.76 

.91 

0.15 

96.97 

0.21 

97.02 

0.26 

.72 

.84 

0.12 

.94 

0.22 

97.00 

0.26 

.74 

.87 

0.13 

.95 

0.21 

97.00 

0.26 

.68 

.77 

0.09 

.88 

0.20 

96.92 

0.24 

.71 

.76 

0.05 

.89 

0.18 

.94 

0.23 

.67 

.73 

0.06 

.82 

0.15 

.87 

0.20 

.65 

.71 

0.06 

.78 

0.13 

.83 

0.18 

.61 

.67 

0.06 

.73 

0.12 

.77 

0.16 

.  59 

.65 

0.06 

.71 

0.12 

.74 

0.15 

.  59 

.64 

0.05 

.69 

0.10 

.72 

0.13 

.  56 

.64 

0.08 

.67 

0.11 

.68 

0.12 

.  56 

.65 

0.09 

.67 

0.11 

.69 

0.13 
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TABLE  XXVl(g).  LEVELS,  1952-1953,  LIGNOSOL -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


Tie  No. 

Nov.  10 

SOUTH  SIDE  OF  TRACKS 

Jan.  17  Heave  Feb.  3 

Total 

Heave 

March  16 

Total 

Heave 

4W 

96.98 

96.98 

0 

97.03 

0.05 

97.08 

0.10 

3W 

.91 

.91 

0 

96.95 

0.04 

97.00 

0.09 

2W 

.86 

.94 

0.08 

.92 

0.06 

96.97 

0.11 

1W 

.84 

.87 

0.03 

.91 

0.07 

96.97 

0.13 

2 

.89 

.90 

0.01 

.98 

0.09 

97.03 

0.14 

4 

.87 

.91 

0.04 

.97 

0.10 

.02 

0.15 

6 

.87 

.95 

0.08 

.97 

0.10 

.04 

0.17 

8 

.80 

.87 

0.07 

.90 

0.10 

96.96 

0.16 

10 

.83 

.87 

0.04 

.93 

0.10 

97.00 

0.17 

12 

.76 

.83 

0.07 

.87 

0.11 

96.91 

0.15 

14 

.78 

.86 

0.08 

.90 

0.12 

.95 

0.17 

16 

.78 

.87 

0.09 

.89 

0.11 

.95 

0.17 

18 

.74 

.82 

0.08 

.87 

0.13 

.92 

0.18 

20 

.75 

.85 

0.10 

.90 

0.15 

.96 

0.21 

22 

.80 

.95 

0.15 

.97 

0.17 

.02 

0.23 

24 

.79 

.87 

0.08 

.96 

0.17 

.02 

0.23 

26 

.79 

.85 

0.06 

.97 

0.18 

.04 

0.25 

28 

.79 

.93 

0.04 

.99 

0.20 

.06 

0.27 

30 

.79 

.89 

0.10 

97.00 

0.21 

.06 

0.27 

32 

.72 

.85 

0.13 

96.94 

0.22 

.00 

0.28 

34 

.69 

.87 

0.18 

.96 

0.27 

.03 

0.34 

38 

.66 

.82 

0.18 

.84 

0.18 

.89 

0.23 

40 

.64 

.76 

0.12 

.80 

0.16 

.84 

0.20 

42 

.63 

.72 

0.09 

.77 

0.14 

.81 

0.18 

44 

.60 

.68 

0.08 

.72 

0.12 

.75 

0.15 

46 

.59 

.65 

0.06 

.70 

0.11 

.73 

0.14 

48 

.59 

.64 

0.05 

.69 

0.10 

.72 

0.13 

50 

.58 

.62 

0.04 

.68 

0.10 

.70 

0.12 

52 

.59 

.63 

0.04 

.69 

0.10 

.70 

0.11 
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TABLE  XXVl(h).  LEVELS,  1950-1951,  LIGN0S0L -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


NORTH  SIDE  OF  TRACKS 


Tie  No. 

Nov.  15 

Jan.  6 

Heave 

Feb.  1 

Total 

Heave 

April  5 

Total 

Heave 

1W 

96.82 

96.89 

0.07 

96.94 

0.12 

97.04 

0.22 

2E 

.81 

.80 

0.09 

.95 

0.14 

.06 

0.25 

4 

.82 

.93 

0.11 

.98 

0.16 

.08 

0.26 

6 

.85 

.95 

0.10 

97.01 

0.16 

.12 

0.27 

8 

.77 

.88 

0.11 

96.93 

0.16 

.06 

0.29 

10 

.77 

.87 

0.10 

.93 

0.16 

.08 

0.31 

12 

.75 

.85 

0.10 

.91 

0.16 

.07 

0.32 

14 

.75 

.86 

0.11 

.93 

0.18 

.11 

0.36 

16 

.75 

.86 

0.11 

.94 

0.19 

.13 

0.38 

18 

.67 

.79 

0.12 

.88 

0.21 

.07 

0.40 

20 

.69 

.82 

0.13 

.92 

0.23 

.11 

0.41 

22 

.80 

.94 

0.14 

97.05 

0.25 

.24 

0.44 

24 

.75 

.89 

0.14 

97.00 

0.25 

.16 

0.41 

26 

.73 

.87 

0.14 

96.99 

0.26 

.13 

0.40 

28 

.83 

.96 

0.13 

97.08 

0.25 

,22 

0.39 

30 

.78 

.92 

0.14 

97.03 

0.25 

.17 

0.39 

32 

.75 

.88 

0.13 

96.99 

0.24 

.13 

0.38 

34 

.75 

.87 

0.12 

96.99 

0.24 

.13 

0.38 

36 

.69 

.81 

0.12 

.92 

0.23 

.06 

0.37 

38 

.70 

.81 

0.11 

.91 

0.21 

.06 

0.36 

40 

.66 

.77 

0.11 

.85 

0.19 

96.99 

0.33 

42 

.68 

.76 

0.09 

.84 

0.16 

96.96 

0.28 

44 

.68 

.76 

0.Q9 

.82 

0.14 

.93 

0.25 

46 

.67 

.73 

0.06 

.79 

0.12 

.88 

0.21 

48 

.64 

.69 

0.05 

.74 

0.10 

.82 

0.18 

50 

.71 

.76 

0.05 

.79 

0.08 

.88 

0.17 

52 

.68 

.73 

0.05 

.76 

0.08 

.83 

0.15 

-  . 
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TABLE  XXVT(i) .  LEVELS,  1950-1951,  LIGN0S0L -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


Tie  No. 

Nov.  15 

SOUTH  SIDE  OF  TRACKS 

Jan.  6  Heave  Feb.  1 

Total 

Heave 

April  5 

Total 

Heave 

1W 

96.85 

96.92 

0.07 

96.96 

0.11 

97.07 

0.22 

2E 

.89 

.98 

0.09 

97.02 

0.13 

.14 

0.25 

4 

.86 

.96 

0.10 

97.01 

0.15 

.13 

0.27 

6 

.88 

.97 

0.09 

97.03 

0.15 

.15 

0.27 

8 

.81 

.91 

0.10 

96.96 

0.15 

.11 

0.30 

10 

.84 

.93 

0.09 

.99 

0.15 

.15 

0.31 

12 

.77 

.87 

0.10 

.93 

0.16 

.11 

0.34 

14 

.78 

.89 

0.11 

.95 

0.17 

.14 

0.36 

16 

.77 

.87 

0.10 

.94 

0.17 

.15 

0.38 

18 

.73 

.83 

0.10 

.91 

0.18 

.12 

0.39 

20 

.75 

.86 

0.11 

.95 

0.20 

.16 

0.41 

22 

.78 

.90 

0.12 

97.01 

0.23 

.22 

0.44 

24 

.78 

.90 

0.12 

.02 

0.24 

.22 

0.44 

26 

.79 

.91 

0.12 

.04 

0.25 

.23 

0.44 

28 

.80 

.93 

0.13 

.06 

0.26 

.24 

0.44 

30 

.79 

.93 

0.14 

.06 

0.27 

.24 

0.45 

32 

.72 

.86 

0.14 

96.99 

0.27 

.17 

0.45 

34 

.77 

.90 

0.13 

97.03 

0.26 

.21 

0.44 

36 

.69 

.81 

0.12 

96.92 

0.23 

.11 

0.42 

38 

.69 

.81 

0.12 

.90 

0.21 

.09 

0.40 

40 

.67 

.77 

0.10 

.85 

0.18 

.03 

0.36 

42 

.69 

.78 

0.09 

.84 

0.15 

97.00 

0.31 

44 

.71 

.78 

0.07 

.83 

0.12 

96.96 

0.25 

46 

.70 

.76 

0.06 

.80 

0.10 

.93 

0.23 

48 

.67 

.72 

0.05 

.76 

0.09 

.87 

0.20 

50 

.72 

.77 

0.05 

.79 

0.07 

.90 

0.18 

52 

.71 

.72 

0.01 

.78 

0.07 

.87 

0.16 

-  ec  - 


u  <ia  .  4 

K'i  ,  i  .  T  it: 


•  . 


. 


.  hupo 


Ib.IoT 

HlV.r'.Op 

3  [±i 

JDsd'cT 

9  -  a  I 

I  , 

r 

. 

. 

.q'l 

Q  Q  Q 

V G .  VO 

II.  0 

.  . 

30  .60 

J  .  6  C 

WI 

aa.o 

II . 

SI  .0 

30 .  V-. 

. 

e. 

S3  . 

as 

• 

L'l  * 

a  i.o 

1.0  .VO 

01. 0 

:  . 

i 

VS  .  o 

G  -  -  • 

31.0 

SO.  ,0; 

,0.0 

v  . 

w.  ^  . 

os .  c 

•i. 

31.0 

01.0 

jp. . 

r  : 

8 

6 1 . 

31.0 

.  . 

30.0 

o  .  . 

. 

01 

IS . 

r  r 

91.0 

ST  . 

Cl  .0 

V  . 

VV. 

SI 

e  5  .0 

-,x. 

VI .  0 

30  . 

II.  0 

.0  . 

8  V  . 

II 

iS  , 

31  . 

VI .  0 

01. 0 

\' 

\  V . 

SI 

,G  . 

0,1 . 

01. 0 

.  . 

01 . 0 

6  , 

gV. 

81 

j,:,  .0 

r 

3  . 

II  .0 

os. 

OS 

. 

Or  O  ■ 

V.  •  >-  .  • 

GO  .  G 

I  .  ,  . 

31.  v 

oe . 

TV. 

SS 

IT  .0 

C‘Q 

w  • 

I  S .  0 

o  C) 

V-.  * 

31 . 

0-  . 

sv . 

IS 

II . 0 

GS  . 

3  cl .  ( 

R . 

c \  j»  *0 

SS 

OS  . 

GO. 

GI  .0 

so. 

0  :. 

8S 

.  ... 

rJ’  •.*  ■» 

vs  .0 

. 

i  1 . 0 

So. 

V. 

05 

d  :•  .0 

Vo..o 

. 

G  . 

SV. 

So 

... 

is , 

63  .  0 

.... 

•  I . 

Co  . 

VV . 

IS 

SI- .  0 

o  r 

ss.o 

. 

SI.O 

.L  .  . 

CO  . 

SS 

01  ,0 

. 

IS.O 

oc . 

31 . 

IS. 

8S 

SO. 

TI.O 

a  o . 

01 . 0 

vv. 

Vo  . 

01 

IS  .0 

00  .  TO 

3 1 .  0  ■ 

I  . 

a?  . 

Go. 

SI 

a  .g 

8  i  .  b  0 

0.1, 0 

« 

vo.c 

C  \  • 

IV. 

II 

01 . 0 

60.0 

V. 

V. 

SI 

V  . 

g  r . 

G  0 . 0 

ST. 

V  . 

81 

.... 

TC.O 

cv. 

#0  .0 

,v\. 

sv. 

a 

81.0 

\0, . 

VO  .0 

:  V. 

V  * 

IV . 

S3 

2E 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 


-  100 


TABLE  XXVI (j).  LEVELS,  1951-1952,  LIGN0S0L -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


NORTH  SIDE  OF  TRACKS 


Lug.  6 

Jan.  26 

Heave 

Feb.  15 

Total 

Heave 

April  5 

Total 

Heave 

96.85 

96.94 

0.09 

97.01 

0.16 

97.04 

0.19 

.83 

.96 

0.13 

.06 

0.23 

.06 

0.23 

.85 

.99 

0.14 

.08 

0.23 

.11 

0.26 

.91 

97.06 

0.15 

.13 

0.22 

.16 

0.25 

.81 

96.99 

0.18 

.07 

0.26 

.08 

0.27 

.81 

.98 

0.17 

.07 

0.26 

.09 

0.28 

.78 

.95 

0.17 

.06 

0.28 

.10 

0.32 

.81 

.97 

0.16 

.09 

0.28 

.13 

0.32 

.81 

97.01 

0.20 

.12 

0.31 

.17 

0.36 

.75 

96.96 

0.21 

.07 

0.32 

.14 

0.39 

.77 

97.01 

0.24 

.10 

0.33 

.18 

0.41 

.76 

.13 

0.37 

.22 

0.46 

.28 

0.52 

.80 

.05 

0.25 

.14 

0.34 

.20 

0.40 

.74 

.02 

0.26 

.12 

0.38 

.16 

0.42 

.83 

.13 

0.30 

.20 

0.37 

.23 

0.40 

.78 

.07 

0.29 

.14 

0.36 

.18 

0.40 

.75 

.02 

0.27 

.11 

0.36 

.16 

0.41 

.77 

97.04 

0.27 

.11 

0.34 

.17 

0.40 

.69 

96.97 

0.28 

.05 

0.36 

.13 

0.44 

.72 

.95 

0.23 

.04 

0.34 

.13 

0.41 

.69 

.90 

0.21 

96.98 

0.29 

.04 

0.35 

.68 

.87 

0.19 

.95 

0.27 

.01 

0.33 

.63 

.87 

0.24 

.92 

0.29 

96.98 

0.35 

.61 

.82 

0.21 

.88 

0.27 

.96 

0.35 

.61 

.77 

0.16 

.82 

0.21 

.90 

0.29 

.  58 

.81 

0.23 

.86 

0.28 

.93 

0.35 

.58 

.80 

0.22 

.83 

0.25 

.86 

0.28 
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TABLE  XXVl(k).  LEVELS,  1951-1952,  LIGN0S0L -TREATED 
TEST  SECTIONS  -  STONY  PLAIN 


SOUTH  SIDE  OF  TRACKS 


Lug.  6 

Jan.  26 

Heave 

Feb.  15 

Total 

Heave 

April  5 

Total 

Heave 

96.84 

96.99 

0.15 

97.10 

0.17 

97.08 

0.24 

.91 

97.04 

0.13 

.14 

0.23 

.15 

0.24 

.90 

97.05 

0.15 

.14 

0.24 

.15 

0.25 

.89 

.06 

0.17 

.14 

0.25 

.16 

0.27 

.82 

.03 

0.21 

.08 

0.26 

.13 

0.31 

.85 

.01 

0.16 

.12 

0.27 

.15 

0.30 

.78 

96.95 

0.17 

.07 

0.29 

.12 

0.34 

.81 

97.00 

0.19 

.11 

0.30 

.17 

0.36 

.80 

97.00 

0.20 

.12 

0.32 

.20 

0.40 

.76 

96.97 

0.21 

.09 

0.33 

.16 

0.40 

.78 

97.00 

0.22 

.11 

0.33 

.19 

0.41 

.82 

97.07 

0.25 

.18 

0.36 

.24 

0.42 

.81 

.06 

0.25 

.18 

0.37 

.23 

0.42 

.81 

.08 

0.27 

.18 

0.37 

.22 

0.41 

.81 

.09 

0.28 

.17 

0.36 

.22 

0.41 

.80 

.09 

0.29 

.18 

0.38 

.21 

0.41 

.73 

.02 

0.29 

.11 

0.38 

.15 

0.42 

.77 

.05 

0.28 

.13 

0.36 

.17 

0.40 

.78 

96.96 

0.18 

.05 

0.27 

.07 

0.29 

.78 

.93 

0.15 

.02 

0.24 

.07 

0.29 

.76 

.86 

0.10 

96.95 

0.19 

.03 

0.27 

.74 

.84 

0.10 

.92 

0.18 

96.97 

0.23 

.61 

.83 

0.22 

.91 

0.30 

.97 

0.36 

.62 

.81 

0.19 

.88 

0.26 

.94 

0.32 

.61 

.77 

0.16 

.83 

0.22 

.91 

0.30 

.59 

.81 

0.22 

.88 

0.29 

.94 

0.35 

.61 

.81 

0.20 

.90 

0.29 

.90 

0.29 
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TABLE  XXVI(1).  LEVELS,  1950-51  and  1951-52,  LIGN0S0L- 
TREATED  TEST  SECTIONS  -  FALLIS 


NORTH  SIDE  OF  TRACKS 


.e  No. 

Nov.  15 
1950 

March  29 
1951 

Heave 

Aug.  6 
1951 

Feb.  15 
1952 

Heave 

8W 

99.98 

100.03 

0.05 

99.95 

100.03 

0.08 

6W 

100.00 

100.05 

0.05 

.97 

100.05 

0.08 

4W 

99.98 

100.04 

0.06 

.98 

99.98 

0.00 

2W 

100.05 

100.09 

0.03 

100.03 

100.06 

0.03 

1 

100.03 

100.07 

0.04 

100.00 

.04 

0.04 

3 

100.00 

100.06 

0.06 

99.98 

.05 

0.07 

5 

99.97 

100.03 

0.06 

.96 

.03 

0.07 

7 

.94 

.01 

0.07 

.91 

.03 

0.07 

9 

.96 

.07 

0.11 

.96 

100.03 

0.07 

11 

.97 

.09 

0.12 

.95 

.04 

0.09 

13 

.94 

.08 

0.14 

.93 

.09 

0.16 

15 

.96 

.12 

0.16 

.95 

.04 

0.09 

17 

100.06 

.21 

0.15 

100.03 

.06 

0.03 

19 

100.00 

.12 

0.12 

99.95 

.06 

0.11 

21 

99.89 

.02 

0.13 

.97 

99.97 

0.00 

23 

.92 

.04 

0.12 

.91 

100.01 

0.10 

25 

.94 

.03 

0.09 

.92 

100.05 

0.13 

27 

.89 

99.97 

0.08 

.86 

99.92 

0.06 

29 

.87 

.92 

0.05 

.87 

.91 

0.04 

31 

.82 

.88 

0.06 

.85 

.89 

0.04 

33 

.87 

.93 

0.06 

.87 

.95 

0.08 

35 

.85 

.92 

0.07 

.88 

.89 

0.01 

37 

.84 

.90 

0.06 

.88 

.91 

0.03 

39 

.83 

.90 

0.07 

.88 

.89 

0.01 

41 

.79 

.86 

0.07 

.84 

.90 

0.06 
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TABLE  XXVl(m).  LEVELS,  1950-51  and  1951-52,  LIGNOSOL- 
TREATED  TEST  SECTIONS  -  FALLIS 


Tie  No. 

Nov.  15 
1950 

SOUTH  SIDE 

March  29 
1951 

OF  TRACKS 

Heave 

Aug.  6 
1951 

Feb.  15 
1952 

Heave 

8W 

100.01 

100.05 

0.04 

99.98 

100.01 

0.03 

6W 

100.02 

.07 

0.05 

100.01 

.02 

0.01 

4W 

99.95 

.00 

0.05 

99.95 

.02 

0.07 

2W 

100.03 

.08 

0.05 

100.03 

.06 

0.03 

1 

100.03 

.07 

0.04 

100.01 

.04 

0.03 

3 

100.03 

.07 

0.04 

.02 

.03 

0.01 

5 

100.00 

.04 

0.04 

.00 

.00 

0.00 

7 

99.97 

99.99 

0.02 

99.96 

99.99 

0.03 

9 

100.00 

100.04 

0.04 

.98 

100.05 

0.07 

11 

100.00 

.04 

0.04 

.97 

.06 

0.09 

13 

100.02 

.09 

0.07 

100.01 

.05 

0.04 

15 

99.96 

.04 

0.08 

99.96 

.08 

0.12 

17 

.98 

.05 

0.07 

.97 

.07 

0.10 

19 

.98 

.05 

0.07 

.98 

.08 

0.10 

21 

.89 

99.95 

0.06 

.90 

99.99 

0.09 

23 

.95 

100.00 

0.05 

.87 

100.03 

0.16 

25 

.89 

99.94 

0.05 

.91 

100.03 

0.12 

27 

.88 

.92 

0.04 

.88 

99.97 

0.11 

29 

.87 

o  91 

0.04 

.89 

.93 

0.04 

31 

.84 

.88 

0.04 

.86 

.92 

0.06 

33 

.90 

.93 

0.03 

.91 

.93 

0.02 

35 

.83 

.87 

0.04 

.86 

.95 

0.09 

37 

.85 

.88 

0.03 

.88 

.94 

0.06 

39 

.82 

.86 

0.04 

.84 

.95 

0.11 

41 

.83 

.87 

0.04 

.86 

.89 

0.03 
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Table  XXVII  shows  "that  although  the  Freezing  Index  for  the  winter 
of  19 52~ 53  was  much  lower  than  the  two  previous  years,  the  average  heave  in 
the  Fallis  area  was  nearly  the  same  as  that  of  the  previous  two  years.  By 
the  use  of  a  ground  temperature  gauge  at  the  University  of  Alberta,  it  was 
found  that  the  frost  line  was  between  one  and  one  and  one-half  feet  below 
ground  surface,  as  compared  to  five  feet  for  the  two  previous  years.  The 
net  result  which  was  expected  was  that  the  heaving  would  be  less  In  1952-53 
than  before.  Since  the  heaving  was  not  appreciably  less  at  Fallis,  it  was 
considered  that  this  section  had  had  the  Lignosol  partially  leached  out  by 
the  ground  water  movement  in  the  spring  and  fall.  (Rains  affect  only  the 
top  two  feet  or  so,  and  would  not  be  a  factor  in  the  washing  out  of  the  Lig¬ 
nosol,  which  is  between  four  and  five  feet  below  the  ground  surface.) 

Records  were  kept  of  the  levels  of  two  untreated  heaving  areas 
within  750  feet  east  of  the  treated  section,  shown  on  Plan  I.  The  heaves 
here  reached  maximums  of  0.41  feet  and  0.53  feet  for  the  west  and  east  un¬ 
treated  sections  respectively.  These  are  possibly  the  magnitudes  of  heave 
which  might  have  been  expected  at  the  treated  section,  but  until  further 
investigation  of  these  three  Fallis  areas,  it  cannot  be  justifiably  said  that 
the  Lignosol  treatment  of  1950-51  had  been  effective  for  two  years  only.  On 
the  other  hand,  it  would  be  incorrect  to  state  that  the  treatment  at  this 
area  was  effective  for  three  years.  However,  the  likelihood  is  that  the 
effectiveness  of  the  treatment  has  been  partially  lost. 

Plan  III  shows  the  treatment  and  heaving  records  for  the  past  three 
years  at  Stony  Plain.  The  average  heave  was  half  of  that  which  it  had  been 
each  of  the  two  previous  winters.  Due  to  a  cyclic  freezing  and  thawing  in 
the  late  fall  of  1952,  the  two  top  feet  of  soil  became  excessively  wet,  and 
although  no  moisture  contents  were  taken,  the  soil  could  have  held  as  much  as 
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35f0  moisture,  as  was  shown  by  Yurkiw.  A  frost  penetration  of  two  feet  would 
produce  a  heave  of  0.19  feet  by  the  expansion  of  the  interstitial  water  on 
freezing.  The  average  heave  in  this  area  was  only  0.16  feet  and  the  maximum 
0.34  feet.  The  probability  is  that  the  Lignosol  layer  at  the  4-5  foot  depth 
slowed  down  the  rate  of  capillary  rise  of  the  water  to  the  extent  that  very 
little  of  the  water  from  below  the  treated  layer  ever  reached  the  zone  of 
freezing.  Indeed,  the  maximum  heaving  of  0.34  feet  could  have  occurred  by 
the  transfer  of  water  from  the  soil  between  the  3-  and  5-foot  depths,  to  the 
zone  of  freezing.  It  is  an  accepted  hypothesis  that  the  ice  lenses  formed 
on  freezing  have  an  affinity  for  water  and  will  draw  the  moisture  out  of 
adjacent  soil. 

As  is  shown  on  Plan  IV,  the  average  heaving  at  Spruce  Grove  was 
half  that  of  1950-51  and  1951-52. 


TABLE  XXVII.  HEAVE  COMPARISONS,  1950-51-52-53  - 
FIELD  RESULTS 


Heave  (ft. ) 
1950-51 

Heave  (ft. ) 
1951-52 

Heave  (ft.) 
1952-53 

Section 

Max. 

Avg. 

Max. 

Avg. 

Max. 

Avg. 

Fallis 

0.16 

0.07 

0.17 

0.12 

0.18 

0.10 

Spruce  Grove 

0.19 

0.13 

0.36 

0.20 

0.25 

0.17 

Stony  Plain 

0.45 

0.32 

0.52 

0.33 

0.34 

0.16 

Freezing  Index 
(Degree  Days) 


3540 


3380 


1810 
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CONCLUSIONS 


1.  The  field  treatment  was  effective  for  two  years.  The  third 


year  the  heaving  was  greater  than  was  considered  to  he  consistent  with  the 

-V 

previous  records.  The  reason  for  the  decrease  in  the  effectiveness  was 
probably  due  to  the  washing  out  of  the  Lignosol  by  ground  water  movement. 

2.  The  Stony  Plain  treatment  cannot  be  evaluated  because  of  the 

f 

possibility  of  the  total  heave  being  due  to  the  pore  water  expansion  on 

freezing. 

3.  The  cost  of  Lignosol  treatment  is  §4  per  square  foot  per  year, 

>> 

as  compared  to  60^  per  square  foot  per  year  for  maintenance,  based  on  full 
treatment  every  two  years. 
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TABLE  XXVIII. 


UNIVERSITY  of  ALBERTA 

PROJECT 

hJ  a  AT^/v»-XT7l7B^~ 

SITE 

DEP'T  of  CIVIL  ENGINEERING 

SAMPLE 

SOIL  MECHANICS  LABORATORY 

LOCATION 

CONSOLIDATION  DATA 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Ring  Datq 

Ring  No-  _ 


M3L 


<LQO  'i3- 


Thickness  ins 

0-9 

Diameter  ins 

Area  sq  cm's 

Machine  Data 

Machine  No-. 

.**  '  ' 

Multiplication  Factor_ 
Wt  Block  +  Ston e  +■  Ball 
Description  of  Sample 


gms. 


Consolidation  Sample  Weights 

Wt  Tare  +  Rmg  +  Soil  +  Water  (End)  gms  7d~/>  7O 

Wt  Tare  +  Ring  +  Soil  tEnd)  gms. _ 73  a  - 

Wt-  Tare  (Tare  No  /  2*/ _ )gms _ ^ 

Wt-  Ring  +  Soil  +■  Water  (End)  gms 
Wt  Ring  +  Soil  -t-  Water  (Start)gms 

Wt  Ring  +S01I  gms _ 

Wt.  Soil  gms^. _ /o  o-  3 B 

Water  ( F n d)  =  _  .gms.=-  JO-ll 

Water  (Start)  = _ 9  / _ gms  - _ 7^-9 


Uj6±13 

73  7-46 

7<?£- 


.% 

.% 


Date, 

Time 

Load 

,  Dial 

Remarks 

do 

6  o96 

t 

80 

2 

7/ 

4 

5/ 

9 

/ 

18 

7961 

30 

3/ 

63 

73  76 
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to 

2j0 
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M8R.  13 

08  |  2>s> 

ftoajrn* 

d 

78l"b 

to 

<08 

/a 

0  / 

'Vd 

7*38 

/ 

7£ 

,8 

s>7 

y 

e 

7V63 

/a 

.38. 

bo 

73  66 

70 

iu 

*4 

Zt^‘ 

32. 

2Q* 

20 

&£_ 

J? 

Date,  Time 
Load,  Dial 
Remarks 

Date,  Time 
Load,  Dial 
Remarks 

/430 

7-5/3 

3^ 

677* 

*460 
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/ 
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to 
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/-?£ 

3  6' 

30 

3/ 

i 

-ec? 

// 

2 

HW 

d  6 

y 

7o3b 

H&! 

d  49 1 

e 

»  a 

<99  j  06 

<6  £><2C^  rvi , 

€2 

6  0  ys»  0 

//s' 

3  9<?/ 

i0 

-s' ^ 

IM 

^  e  9t>' 

79 

/06 

fls.' 

4t 

i 

30 

7* 

/  7  " 

3  67 

0  2 

61 

4<t4* 

&>o 

<? 

7  ^ 

/4Zo  6  *79 
~yfaf?,>7 

628i 

08: 30 

73 

3. &ooqn\, 

41 

-ao 

6  792 

7/ 

29 

iC 

/^?y 

P  <* 

#5>’ 

gJL- 

lZ£ 

2i 

Date, Time 
Load, Dial 
Remarks 


Dote, Time 
Load,  Dial 
Remarks 


Date,  Time 
Load, Dial 
Remarks 


Date  ,Time 
Load,  Dial 
Reworks 


09: 00 
gc?  gm. 


o 

6 

to 

r/ 

.30 

/ 


9/4& 

go 
te 
/  6 

/  2 

OS 


ViATtJR. 


2 

4 

9 

tP 

O  o 
tgo 

UcO 

Z40 

/y/o 


os 

*  y 

#3 

7V 

6,4 
43 
<6  2 

<6  / 


e 

63 

y72 

/Vsu 

/730 

aeea 

P6-# 


090? 

75 

V? 

3-2 

-2/ 

<96 

y-2 

-80 

-es 

/tfa 


86gf 

Zt4  *~?9 


z*>t 

4*8 

Hn 


92 

90 


$40  <z2io 

V32>  “  8 

/y^  6/93 


6 

/o 

/  sc 
1-0 

/ 

2 

y 


MAR, 3 

08:24 

3  Ojrrj, 

90i<? 

lb 


• 7 

/■* 

12 

0  I 


£ 

to 

/* 

%o 

f 

Z 

4 

8 

ri 

ay 


MfM.  9 

o8:p9 

/ c  O Qm , 

6,77* 

7t 


6? 

02 

Z>'£ 

46 

32 

n 

_ 47 


MA*.  to 
o8:3J 
goo  gm 

6  6442 

to  39 

/*  .56 

30  gy 

/7 
3  496 
47 
4ft 
84oo 
8  3»V 
-893 
*7 

ezoo 

?y 

Slot 


/ 

.y 

A 

/A 

3-0 

60 

i/d 

/9o 

3*3 

77A 

t44° 


M/»*.  it 

c?/oo 

40O^rr\< 

6  (Bit*, 

to  n 
f**  c  £ 


-  117 


TABLE  XXVIII (a). 


UNIVERSITY  of  ALBERTA 

PROJECT  No 

i'u  biiL 

SITE 

DEPT-  of  CIVIL  ENGINEERING' 

SAMPLE 

SOIL  MECHANICS  LABORATORY* 

LOCATION 

CONSOLIDATIONRESULTS  1 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Specific  Gravity  of  Soil  Solids 

Void  Ratio  e  (End)  * _ 

Void  Ratio  e(Start)  g... 

V6id  Rotio 


Gs=. 


Height  of  Soil  Solids 


Hss- 


Q  77  7  ins . 

.  s.  -.7.^,7 . . 


✓  ogy 


e  (Start  Dimensions)  =__ 
e (End)  =  W %(£nd)  x  Gs  Hs  =  (- 


o  968 


Gs  x  Area  x  2- 


ins. 


e  -  previous  e  t 


Def'l- 

He 


Time  . 

Inte  rval 

Load  on 
Pan  (gms) 

Corr-  Dial 
Reading(ins) 

Deflection 

(ins.) 

Deflection 

Hs 

Void  Ratio 
e 

Press  ure 
Kg/cm*=T/ft* 

y 

O 

9/^/e 

/■oa7 

..9  <2379 

<o-c0o  69 

<o-o/99 

/o>67 

o.o  70 
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O  j  *>e 
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z-sV 
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•c  Bo/ 
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TABLE  XXIX. 


PROJECT  No 

SITE 

SAMPLE 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

UNIVERSITY  of  ALBERTA 
DEP'T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

CONSOLIDATION  DATA 


Ring  Dotg 


Ring  No  _ 

Weight  gm‘s._ 
Thickness  ins.. 
Diameter  ins 
Area  sq  cm's 

Machine  Data 

Machine  No- _ 


<k  Cl 


.<P>£> 


Multiplication  Factor _ 

Wt  Block  +  Stone  +-  Ball 
Description  of  Sample 


y  ^  O 


gms-  _ 


IsujLl^L 


Consolidation  Sample  Weights 
Wt.  Tare  +  Ring  +  Soil  -+  Water  (End)  gms.  76€>6k 
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UNIVERSITY  of  ALBERTA 
DEPT  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

CONSOUDATION^ESULTS 

Specific  Gravity  of  Soil  Solids  Gs  =  Height  of  Soil  Solids  H.=  c--.-*  73  ins. 

Void  Ratio  e  (End)  = ...  _ f _  o>  •  _ 

Void  Ratio  e (St art)  r _ _ _ a  •  / _ 

Void  Ratio  e  (Start  Dimensions)-. _ fa zl _ , 


etEndl  =  W%(End)  x  6S  Hs; (ts )ins-  e  =  previous  e  £ 


Time 

Interval 

Load  on 
Pan  (gms) 

C  o  r  r •  Dial 
Reading(ins) 

Def  1  ec  tion 
(ins.) 

Deflection 

Hs 

...  —  - 

Void  Ratio 
e 

Pressure 

Kg/cma=T/ft4 

c 

e  59s 

<3  •  9^7 

3 

O  •  OQ& 1 3 

<0-  Of  6  7 

o  9c*/ 

o  ■  O  7  C 

O 

<5  V6& 

•  0.06'/ 

•d/7-z 

6>  -&8  7 

o  / 

too 

&  9 

•  0/39 

•Oj7JL 

O-  fis'o 

c  -  30*7 

2  CO 

3  /  /  3 

• 

■  ct>  79 

7  9  ei 

c  o  96 

77/0 

•  C'/oS 

•/ofi2 

o  c/33 

lie 

Aoa 

7o7>  7 

•  o/83 

•  990 
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/■STC.O 

■  o  <8C 
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6  948 
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77 

pressure  K g  /cm* (Tons/ft1) 


PROJECT_ At^-RQ:  Oc 

/  B 

|  SITE 

SAMPLE 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN 

DATE 
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TABLE  XXXIII. 


UNIVERSITY  of  ALBERTA 

DEP'T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

CONSOLIDATION  DATA 


Ring  Data 


Ring  No  _ 

Weight  gm's. 
Thickness  ins 
Diameter  ms 
Area  sq  cm's 

Machine  Data 

Machine  No-_ 


3. 


Multiplication  Factor _ 

Wt  Block  +  Stone  +  Ball 
Description  of  Sample 


JQQ 


gms. 


PROJECT_ A  /WA 

SITE  ~3aJij7"/an 

n>f7ih  /s>-9i 

SAMPLE  V/veo 

//v  ~  C<2.  -£o  afc-k.  71 

LOCATION  7 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Consolidation  Sample  Weights 

Wt.  Tare  +  Ring  +  Soil  -+ Water  (End)  gms  ^>'1/  o73 

Wt-  Tare  +  Rmg  +  Soil  (End)  gms. _ 3/7 

Wt-  Tare  (Tare  No _ T~ _ )gms _ ^2.. 

Wt-  Ring  +  Soil  +-  Water  (End)  gms  &>  /  ■ 

Wt  Ring  +  Soi^  +  Water  (Start)gms  ^7  7 3  ■ 

Wt  Ring  +S01I  gms _ •  Q S. 

Wt.  Soil  gms  _ £3  £...<£&. 

Water  (Fnd)~  /  3  3  gms.-.  /6> _ fC ,  % 

Water  (Star t)  = _ g m s  - _ _ % 


Date, 
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Dial 

Rem  arks 
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UNIVERSITY  of  ALBERTA 

DEPT-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

CONSOLIDATION^ESULTS 

PROJECT  Aefeoa.JL  /v?>\ 

SITE 

SAMPLE 

LOCATION 

HOLE  DEPTH 

TECHNICIAN  DATE 

Specific  Gravity  of  Soil  Solids  G*  *  2-vq  Height  of  Soil  Solids  H-  s  c.,367  ins. 

Void  Ratio  e  (End)  =  "  <5  4/<h 

Void  Ratio  e(Start)  e  &93>) 

Void  Ratio  e  (Start  Dimensions)5- 

e(End)  =  W%lEnd)  x  Gs  Hs  =  (~GS x^'rea'^xS1 54' )in8>  e  =  previous  e  £ 

Time 

Interval 

Load  on 
Pan  (gms) 

Corr-  Dial 
Reading(ins) 

Deflection 
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Deflection 

Hs 

Void  Ratio 
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Press  ure 
Kg/cmST/ft* 
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UNIVERSITY  cf  ALBERTA 

DEP'T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

CONSOLIDATION  DATA 


PROJECT_ A^RQ  .ol.  0.8 


SITE - ' th  '  /?-  -2  4a _ 

SAMPLE  \/j  SCO  C  i  J'ifiL  <?  Qroam, 


LOCATION 


HOLE 


DEPTH 


TECHNICIAN 


date 


Ring  Data 

Ring  No  _ 

Weight  gm's. 
Thickness  ins  . 
Diameter  ms 
Area  sq  cm's 

Machine  Data 

Machine  No- _ 


4<2>  7  G<3 


8  9o7  cm 


3*/-8 


Multiplication  Factor _ 

Wt  Block  +  Stone  +  Ball 
Description  of  Sample 


./  q  <? 
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Consolidation  Sample  Weights 
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UNIVERSITY  of  AL8ERTA 

If  H 0 JgCT _ Ac "RlQ  tq<l 

SITE 

DEPT  of  CIVIL  ENGINEERING 

SAMPLE 

SOIL  MECHANICS  LABORATORY 

LOCATION 

CONSOLIDATION^ESULTS 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Specific  Grovity  of  Soil  Solids 

Void  Ratio  e  (End)  s _ 

Void  Ratio  e(Start)  _ 

Void  Ratio 


Gs  =  Height  of  Soil  Solids  H.  =  o  ins. 

_ _ _ y/<£ _ 

&?.//.. 


e  (Start  Dimensions)  = 
e (End)  =  W %(End)  x  Gs 


Hs  =  (GsxWArea°x^54)ins’ 


e  =  previous  e  t  - 

“c 


Tims 
Inte  rval 


Load  on 
Pan  (gms) 


C  o  r  r •  Dial 
Reading(ins) 


Deflection 

(ins.) 


Defection 


Void  Ratio 

e 


Pressure 

Kg/cmST/ft* 
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UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

CONSOLIDATION  DATA 


PROJECT  k,t(3blo 


3D 


SITE 


i on  <  th  ~  /<£b  7c 


SAMPLE  V/'oc oa/Vy  •*»  l  7c  th.  ( K.oc.m^ 


LOCATION 


HOLE 


DEPTH 


TECHNICIAN 


DATE 


Rina  Data 

Ring  No 

A-  / 

Weiqht  qm's. 

Vo  9  ■  /? cT 

Thickness  ins 

o. 

Diameter  ins. 

Area  sq  cm's 

Machine  Data 

Machine  No- 

3 

Multiplication  Factor _ 

Wt  Block  -t-  Ston e  +  Ball 
Description  of  Sample 


/CO 


gm  s. 


Consolidation  Sample  Weights 

Wt.  Tare  +  Ring  +  Soil  -t- Water  (End)  gms  6IC6I 

Wt  Tare  +  Ring  +  Soil  (End)  gms. _ Q'9  6  -  9£ 

Wt  Tare  tTare  No _ )gms  __ _ 7/  '7Q 

Wt  Ring  +  Soil  -+-  Water  (End)  gms  ^  ^6  -  493 

Wt  Ring  +  Soil  +  Woter  (Stnrt)gms  6  i •  9  ct 
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Dial 
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loo  jm, 

6  6  0/1 

IO 

IO 

1* 

c  9 

30 

08 

1 

<>7 

2 

ot> 

7 

03 

•1  0  7  96 
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SI 

Date, Time 
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Date,  Time 
Load, Dial 
Remarks 


Date ,  Time 
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Remarks 


Date,  Time 
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Remarks 
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L  o  a  d ,  D  i  a  I 
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DEPTH 


Specific  Gravity  of  Soil  Solids  G*  =  2  s»"«S  Height  of  Roil  Solids  H.  r  o.P>Si  ins. 

Void  Ratio  e  (End)  *  -  <5  V/ s 

Void  Ratio  e(Start)  *  c  ■  0  77 
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PROJECT 

Gloria  *  D 

SITE_ go  lut-^n  X>  tr-  n  .  th  tQ  /  / 

SAMPLE  V 

,ca  /Vy  A  /&  ■-  fh  (Jxoom) 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN 

. .  DATE  . 

Ring  Data 

Ring  No- _ 3 _ 

Weight  gm's. _ _ 

Thickness  ins. _ <o  _ 

Diameter  ins. _ ‘ _ _ 

Area  sq  cm's  _ 3 V -2? _ 

Machine  Data 

Machine  No- _ _ 

Multiplication  Factor _ /  oc _ 

Wt  Block  +  Stone  +■  Ball  gm's. _ 

Description  of  Sample  _ /n,  / /a,/ 

/ ^7/  // JL  / 


Consolidation  Sample  Weights 

_  Wt.  Tare  +  Ring  +  Soil  -r  Water  (End)  gms  (Z>n7-6>2 

_  Wt-  TaretRing  +  Soil  (End)  gms. _ a  QS  ■  9? 

_  Wt  Tare  (Tare  No  7  / _ )gms _ 3  3  ■  g .3. 
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LOCATION 
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DEPTH 

TECHNICIAN 

DATE 
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B~t  3 


Thickness  ins. 

Diameter  ins 

Area  sq  cm’s 

34 -7b 

Machine  Data 

Machine  No- 
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Multiplication  Factor _ 
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CONSOLIDATION  DATA 


PROJECT 

43£T«rr 

SITE 

OkA  -3-i  *T3 

SAMPLE &-oL+,vn 

'5+-  ,.n  th  -  773-Q  4° 

LOCATION  i ^  ~  t  <?1  at  k.  ("Re*  ms 

HOLE 

DEPTH 

TECHNICIAN 

DATE 

Ring  Dato 

Ring  No  _ 

Weight  gm's.. 
Thickness  ins 
Diameter  ms 
Area  sq  cm's 

Machine  Data 

Machine  No- _ 
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Multiplication  Factor  _ 
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Z3 


Description  of  Sample  _ -  //SO 

, //7 ,  -biQ  / J-  hy  ItOo.n^/T’y  - ■/'  *7 -ft* 


Consolidation  Sample  Weights 
Wt.  Tare  +  Rmg  +  Soil  +  Water  (End)  gms 

Wt-  Tare  +  Ring  +  Soil  (End)  gms. _ 

Wt  Tare  (Tare  No _ T..I •>' _ )gms _ 

Wt  Ring  +  Soil  +-  Water  (End)  gms _ 7/?7'  6 Ji 

Wt  Ring  +  Soil»+  Water  (Stnrt)gms  72/4'^^ 

Wt  Ring  +  Soil  gms _ _ _ 70, &  ■  7 

Wt.  Soil  gms  _ _ _ _ _ l  l  £  •  /V 
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